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 Cognitive Communication Conference, London 2012
Lotje: I think one of the challenges, probably, for therapists is to deal with the fact 
that you have to work with somebody who’s being assessed and defined by 
its limitations (…) and the experience of continually being defined by what 
you can no longer do or how you’re sort of limited is devastating.
Therapist:  Is there anything you could advise us, as therapists, to help you to get through 
that? Or do you think there was no other way that we could have done it?
Lotje: To maybe focus on things that a patient might find along the way. Where 
they’re always initially defined by what they can’t do, they may discover 
something that they weren’t expecting at all, which is certainly what 
happened in my case.
 Lotje Sodderland (1 year from stroke)
 From the documentary “My beautiful broken brain”, 2016
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The word emotion stems from the Latin movere, meaning to move. 
When emotions are intense, people move: they act, they react, 
sometimes dramatically, as in crimes of passion.
(Bradley and Lang, 2007)
And yet they move.
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Summary
ENGAGE-DEM: A Model of Engagement of People with Dementia 
Dementia is a neurodegenerative disease that affects cognition, producing a reduction 
in thinking, problem-solving, and mnemonic abilities, functioning, preventing affected 
people to care for themselves and carry out activities of daily living (e.g., self-feeding, dress 
oneself), and psychosocial well-being, causing the appearance of disorders of thought 
content, mood, and behavior (e.g., depression, apathy, anxiety).
The reduction of cognition, the disorientation in space and time, and the inability to complete 
basic tasks and function independently are the major causes of institutionalization in 
dementia. Care facilities are extremely efficient in meeting the physical and environmental 
needs of persons with dementia (e.g., food, self-care, drugs). However, they often fail in 
addressing mental and social needs. Several studies show that people with dementia living 
in institutionalized contexts spend most of their time inactive and isolated. Just as many 
studies demonstrate that engagement in playful activities is crucial to ensure quality of life 
and psychosocial well-being in dementia.
On the one hand, the centrality of the medical aspects of dementia is due to the legacy of 
the biomedical approach to care. On the other hand, it is caused by the objective difficulty 
of understanding the needs of somebody who struggles to communicate. As a matter of 
fact, we are in great need of models enabling us to make meaning of how people with 
dementia express their psychological states.
According to the literature, engagement is the psychological state of proactive involvement 
with an object (e.g., a game, an interactive system) or an agent (e.g., a person, a social robot) 
that has a positive affective nuance. In healthy adults, engagement can be measured on 
three different levels, according to three distinct response systems: experiential/subjective 
(i.e., self-reports), behavioral/expressive (i.e. overt behavior), and peripheral-physiological 
xi
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(i.e., human bodily reactions). In adults with dementia, the experiential/subjective level 
is rarely accessible due to cognitive impairment, the behavioral/expressive level might 
be blunted by motivational disorders like apathy and depression, and the peripheral-
physiological level might provide insightful results, but is often overlooked. As the three 
response systems are not always equally accessible, it becomes crucial to combine them 
to achieve the most exhaustive possible measurement of engagement in people with 
dementia. 
The objective of this dissertation is twofold. First, it aims at exploring new techniques to 
assess engagement in dementia with the help of unobtrusive physiological sensors and 
systematic behavior observation. Second, it focuses on the development of a model of 
engagement of people with dementia that could formalize the relationships among these 
assessment techniques and outline their relative meaning in the economy of the overall 
engagement state.
In order to pursue these two goals, the doctoral research was organized in three studies. 
First, we carried out an extensive ethnographic study to understand people with dementia 
in their context of living and get acquainted with the activities proposed by nursing 
homes. Second, we conducted an exploratory study to investigate the reactivity of people 
with dementia to an experimental setting and deploy a sensible research protocol for 
data collection. Third, we performed an experimental study and collected a database of 
multimodal data (e.g., video recordings, electrodermal activity signals, accelerometer 
signals) while people with dementia were involved in two types of activities: a game-based 
cognitive stimulation (i.e., jigsaw puzzles, shape puzzles, and a match with dominoes) and 
a robot-based free play (with the dinosaur robot Pleo).
As a first result, we came up with three techniques to measure different aspects of 
engagement in people with dementia: electrodermal activity (EDA), the Ethographic 
and Laban-Inspired Coding System of Engagement (ELICSE), and quantity of movement. 
EDA – which is the variation in the skin conductance derived from the activation of the 
sympathetic nervous system – accounts for the arousal of the person with dementia during 
the activity. The ELICSE – which is a coding system of engagement based on nonverbal 
behavior – permits the measurement of different body configurations that account for 
different levels of engagement. Quantity of movement – which is the amount of movement 
on the non-dominant wrist gauged with a triaxial accelerometer – captures the proactive 
engagement of the person with dementia during the activity (i.e., holding and manipulating 
objects, reaching out others). 
xii
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As a second result, we built a model of engagement – the ENGAGE-DEM – which specifies the 
components of engagement, how these are measured through the deployed measurement 
techniques – EDA, the ELICSE, and quantity of movement – and which relationships they 
entertain. The model was tested with structural equation modeling using the data collected 
during the third study and achieved an excellent goodness of fit. The ENGAGE-DEM is the 
result of a process of testing and progressive refinement of a model of engagement drawn 
from the literature. This process brought to the refutation of the widely accepted definition 
of engagement as a compound of positive affect and proactive involvement and to the 
promotion of a more data-consistent definition of engagement. According to the ENGAGE-
DEM, engagement is the degree of proactive participation of the person with dementia 
in an activity that can take different hedonic tones and achieve different levels of energy 
mobilization.
The ENGAGE-DEM could contribute to several domains of knowledge. It could benefit the 
field of nursing research since it could prompt a better understanding of the person with 
dementia and enable a more informed choice of meaningful activities. It could be an aid for 
designers aiming to create compelling playful technologies for people with dementia. Last, 
it could be used to enable socially interactive robots and interactive technologies to detect 
the engagement state of the person with dementia online and react accordingly.
xiii
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1.1 Dementia: a Global Health Priority
The worldwide population is growing older. In 2015, the only country with the 30% of 
the population exceeding the 60 years of age was Japan. By 2050, this proportion will be 
reached by Europe, North America, Chile, China, the Islamic Republic of Iran, the Republic 
of Korea, the Russian Federation, Thailand, and Vietnam (World Health Organization, 
2015). As age is a risk factor for several diseases, the unprecedented growth of age of the 
worldwide population will have an enormous impact on health. It will trigger an increase in 
the prevalence rates of age-related illnesses and, consequently, inflate health care costs. In 
this sense, one of the major health challenges regards dementia (World Health Organization 
and Alzheimer’s disease International, 2012). Dementia is an umbrella term for a set of 
neurodegenerative disorders (e.g., vascular dementia, Alzheimer’s disease, dementia with 
Lewy bodies) that cause a reduction in cognition (e.g., impairment of thinking, problem 
solving, and mnemonic ability), functioning (e.g., inability to carry out activities of daily 
living, such as self-feeding and getting dressed), and behavior (e.g., disorders of perception, 
thought content, mood, and behavior, such as depression, agitation, and apathy). If in 
2015, the number of people living with dementia amounted to 46.8 million, this number is 
expected to reach 74.7 million by 2030 and peak to 131.5 million by 2050 due to global aging 
(Prince et al., 2015). The cost of dementia – which in 2010 was estimated in USD 604 billion 
– is going to reach USD 1.2 trillion in 2030, risking to demise social and economic growth 
(World Health Organization, 2015).
1.2 The Role of Meaningful Activities
As dementia is a global health priority, several countries have already put forward national 
dementia strategies. These are focused on promoting early diagnosis, developing a range of 
services to properly address care needs, and improving quality of life (QoL). Sube Banerjee 
and Jenny Owen, in the preface of 2009 UK National dementia strategy (UK Department of 
Health, 2009), underlined that, albeit dementia is a set of incurable diseases that cause a 
substantial burden in the patient, there is still room to “live well with dementia” and the key 
ingredient to cope with the disease is a satisfactory QoL.
In the last two decades, several studies have focused on examining the drivers of QoL in 
dementia. Most of these studies found out that cognition and functioning have no significant 
effect on QoL and that it is perfectly possible to have a good QoL at any stage of dementia 
(Logsdon et al., 1999; Banerjee et al., 2006; Beerens et al., 2013). Apparently, what affects 
QoL the most is the presence of behavioral disturbances (Logsdon et al., 1999; Beerens 
et al., 2013) – especially agitation (Cohen-Mansfield, 2001; Cohen-Mansfield and Werner, 
Chapter 1 | Introduction
2
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1997; Scherder et al., 2010) and depression (Logsdon et al., 1999; Beerens et al., 2013) – and 
the lack of exposure to social interactions (Moyle et al., 2011) and meaningful activities 
(Bryant et al., 2001; Ritchey et al., 2001; Lysack and Seipke, 2002; McIntyre and Howie, 2002; 
Silverstein and Parker, 2002; Phinney et al., 2007; Moyle et al., 2011). Qualitative studies like 
those of Phinney et al. (2007) and Bryant et al. (2001) reported that, in the view of people 
with dementia, it is through doing that a person finds life to be meaningful and that healthy 
aging is the process of “going and doing something meaningful”.
1.3 The Complex Measurement of Engagement
In this perspective, the promotion of meaningful activities – both inside and outside the 
nursing home – assumes a crucial meaning. Also, the measurement of engagement plays 
an important role. Indeed, one thing is offering a wide range of playful activities, another 
is understanding whether these activities are really meaningful for the person with 
dementia. For this latter objective, a framework to measure engagement in dementia is 
essential. According to the literature, engagement is the psychological state of proactive 
involvement with an object (e.g., a game, an interactive system) or an agent (e.g., a person, 
a social robot) that has a positive affective nuance.
Engagement can be measured on three levels, using three different response systems or 
modalities: experiential/subjective (e.g., self-reports), behavioral/expressive (i.e., overt 
verbal and non-verbal behavior), and peripheral-physiological (e.g., electrodermal activity, 
heart rate, heart rate variability, inter-beat interval; Izard, 1971, 1991; Izard et al., 1972; 
Tomkins, 1984; Mauss et al., 2005; Eifert and Wilson, 1991; Bradley and Lang, 2000). In 
dementia, the experiential/subjective level of measurement is often inaccessible due to 
cognitive impairment. Indeed, reporting one’s own emotional and psychological states 
requires a combination of introspection, concept classification, and mnemonic ability, all 
cognitive faculties that get gradually lost with the progression of the disease. With regards 
to the behavioral/expressive level, this is sometimes impaired, too. Behavioral disturbances 
like apathy and depression – which have high prevalence rates in dementia (apathy: 
55.5%; depression: 44.9%; Robert et al., 2005) – may blunt the expression of emotions at 
a behavioral level. Concerning the peripheral-physiological level, to date it has been only 
rarely studied in dementia and, to the best of our knowledge, never collected in the field.
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1.4 Problem Statement
In order to properly and exhaustively measure engagement in dementia, it is decisive to 
combine measures coming from different response systems. In this respect, the literature 
is far from being conclusive. There are still some open research problems in need of further 
exploration by the research community, which are listed below.
1. Self-reports are only rarely used as tools to measure engagement in dementia 
(Wada et al., 2005). Thus, it is hard to make inferences regarding their feasibility as 
a reliable form of assessment of engagement.
2. Assessment techniques of engagement in dementia rely exclusively on behavior 
observation (Lawton et al., 1996; Cohen-Mansfield et al., 2009 and 2011; Jones et 
al., 2015), an approach that is risky as dementia is often accompanied by behavioral 
disturbances (e.g., apathy, depression, agitation).
3. State of the art behavioral assessment techniques are either too general to grasp 
the natural flow of engagement (i.e., observational rating scales) or too complex to 
trace behavior back to an overall engagement state (i.e., ethograms).
4. Available studies on the physiology of engagement of people with demen tia are 
scarce and involve costly and invasive procedures, such as elec troencephalography 
(EEG), urinalysis, hormone analysis, and functional Near-Infrared Spectroscopy 
(fNIRS; Wada et al., 2005; Wada and Shibata, 2008; Kawaguchi et al., 2012).
5. No study combines different measures of engagement. Consequently, the picture of 
engagement in dementia that the literature draws is incomplete.
1.5 Research Objectives and Questions
The present thesis has a twofold objective. First, it aims at exploring and developing novel 
techniques to accurately assess engagement in people with dementia. Second, it aims at 
creating a model of engagement that formalizes the relationships among these assessment 
techniques and outlines their relative meaning in the economy of the engagement state.
The research objectives of the present thesis are also described in terms of research 
questions (RQ). RQ1 refers to the first research objective (i.e., explore new assessment 
techniques of engagement), while RQ2 refers to the second research objective (i.e., develop 
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a model of engagement that formalizes the relationships between new assessment 
techniques of engagement).
RQ1. How can engagement be measured in people with dementia?
a. Can self-reports be employed as a gold standard of engagement in dementia? If 
not, which validated measures of engagement can be used as a gold standard? 
b. Which peripheral-physiological measures can be employed to assess engage ment 
in people with dementia? Are these peripheral-physiological measures appropriate 
to assess engagement?
c. Which behaviors externalize engagement in people with dementia? Are these 
behaviors appropriate to measure engagement?
RQ2. What are the dynamics of engagement in dementia? 
a. What are the relationships between the different components of engagement? 
Which conclusions can be drawn from these relationships regarding the func-
tioning of engagement in dementia?
1.6 Performed Studies
In order to reply to these research questions, the present doctoral work was organized in 
three studies. First, we carried out an extensive ethnographic study (duration: one month) 
to familiarize with the context of the nursing home and determine the requirements for the 
collection of multimodal data. Second, we conducted an exploratory study (duration: one 
month and a half) to deploy a sensible research protocol for the collection of multimodal 
data, investigate the viability of self-reports as a gold standard for the assessment of 
engagement, and establish the correct set-up for data collection and the correct temporal 
division of the experimental sessions. Third, we carried out an experimental study (duration: 
eight months, five of which of data collection) to collect a multimodal database (e.g., 
videos and psychophysiological data) while people with dementia were involved in two 
types of activities: a game-based cognitive stimulation (i.e., jigsaw puzzles, shape puzzles, 
and a match with dominoes) and a robot-based free play (with the dinosaur robot Pleo). 
This database served to develop and assess the concurrent validity of the newly deployed 
measures and build and test the model of engagement for dementia.
Introduction | Chapter 1
5
Ch
ap
te
r 1
PSM 20180821 Proefschrift Giulia Perugia BW.indd   5 24-09-18   10:56
As the experimental study was central to the development of the different measures of 
engagement and of the final model, it is given prominence in the thesis. The ethnographic 
and exploratory studies are presented in the appendixes. They did contribute to the pursuit 
of the research objectives. However, they did so at a methodological and practical level, as 
they served to identify the right protocol for data collection given the shortage of examples 
provided by the literature.
1.7 Research Outcomes
Within this dissertation, we show the development of three measures of engagement for 
people with dementia: electrodermal activity (EDA), the Ethographic and Laban-Inspired 
Coding System of Engagement (ELICSE), and quantity of movement. Some of these 
measures – the ELICSE and quantity of movement – were developed ex novo in the context 
of this research. Others – EDA – were just explored for the first time in this particular user 
group.
1. EDA – the variation in the skin conductance derived from the activation of the 
sympathetic nervous system (Dawson et al., 1990) – accounts for the arousal of 
the person with dementia during the activity (i.e., degree of energy mobilization).
2. The ELICSE – a coding system based on nonverbal behavior (i.e., gaze, postures, 
arms/hands behaviors) – permits the measurement of the engagement in the 
activity through different behavioral modalities and the association of different 
body configurations to different levels of engagement.
3. Quantity of movement – the amount of movement on the non-dominant wrist 
gauged with a triaxial accelerometer – captures the proactive participation of the 
person with dementia during the activity (i.e., holding and manipulating objects, 
reaching out others).
These novel assessment techniques converged into the ENGAGE-DEM. The ENGAGE-
DEM is a model that formalizes the different components of engagement, how these are 
measured with the tools deployed along the dissertation (i.e., EDA, the ELICSE and quantity 
of movement), and how they relate to each other. Such a model is the result of a process of 
progressive refinement of a model of engagement drawn from the review of the literature.
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1.8 Research Contribution
The ENGAGE-DEM might benefit several domains of knowledge, namely nursing research, 
social robotics, and user experience design. In the context of nursing research, it could 
be employed by practitioners to better detect engagement in people with dementia 
and identify meaningful activities. Moreover, it could be used to investigate whether 
engagement is a mediating variable interposed between the participation in playful 
activities and their clinical benefit (e.g., improvement of cognitive functioning, reduction 
of challenging behaviors, improvement of QoL). In the framework of social robotics, it 
could be exploited for affect-based co-adaptation – the bi-directional process of real-time 
synchronization and adaptation of social robots to the affective states of humans (Gao et 
al., 2017). The model can be used to enable social robots to recognize the engagement state 
of the person with dementia online and adapt their interaction accordingly. This approach 
has been attempted with healthy participants (Castellano et al., 2009a; Castellano et 
al., 2009b; Rich et al., 2010; Sanghvi et al., 2011; Salam et al., 2017; Gao et al., 2017) and 
recently with children with autism (Rudovic et al., 2018), but, to the best of our knowledge, 
Figure 1. Design products for people with dementia. Top left: Tactile dialogues; top right: Tover tafel; bottom 
left: Closer to nature; bottom right: Dynamorph
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not with persons with dementia. With regards to user experience design, the model can be 
used to assess the user experience of people with dementia with interactive entertainment 
technologies. In the last decade, several designers have focused on the development 
of interactive technologies for people with dementia (see Figure 1). Some examples are 
Tactile dialogues (Schelle et al., 2015) – a textile pillow provided with a haptic feedback 
aimed at stimulating interpersonal contact, Tovertafel (Anderiesen, 2017) – a set of six 
playful interactive animations to be played on any dining table aimed at reducing apathy, 
Dynamorph (Feng et al., 2017) – a living table activated by mean of four zoomorphic robot-
like shapes aimed at reducing boredom and loneliness, and Closer to nature (Feng et 
al., 2018) – an interactive installation that projects a farm on a 87-inch-display aimed at 
connecting residents with the outdoors. The ENGAGE-DEM can provide designers with a 
measurement framework to assess the quality of user experience in people with dementia.
1.9 Structure of the Thesis
This dissertation is divided into eleven chapters.
 – This chapter introduced the problem investigated in the dissertation – the 
measurement of engagement in dementia – and outlined its importance and 
contribution to the fields of nursing research, social robotics, and user experience 
design.
 – Chapter 2 provides a comprehensive and critical review of the state of the art 
regarding engagement. It does so in three steps: definitions of engagement, 
components of engagement, and measures of engagement.
 – Chapter 3 narrows down the state of the art to the context of dementia and builds up 
the theoretical framework of this dissertation. It provides a tentative definition of 
engagement drawn from the literature, identifies the components of engagement 
measurable in people with dementia, and determines which measures can be 
used to gauge engagement in people with dementia among those identified in the 
literature. Finally, it summarizes all this knowledge in a tentative theory-driven 
model of engagement.
 – Chapter 4 illustrates the experimental study that served for data collection: 
participants, design, measures, setting, and procedure of data collection.
Chapter 1 | Introduction
8
PSM 20180821 Proefschrift Giulia Perugia BW.indd   8 24-09-18   10:56
 – Chapter 5 describes the first of the three measures deployed to assess engage-
ment, EDA. It presents the process of synchronization, data filtering, and feature 
extraction of the signal and discusses the adequacy of EDA as a measure of 
engagement.
 – Chapter 6 presents the second of the three measures of engagement developed 
along the dissertation, the ELICSE. It portrays the process of development of 
the coding system according to the guidelines of Ethology and Laban Movement 
Analysis (LMA), discusses the results of inter-rater reliability, and examines the 
adequacy of the ELICSE as a measure of engagement.
 – Chapter 7 finalizes the tentative theory-driven model of engagement sketched in 
Chapter 3 by detailing its final metrics and employs structural equation modeling 
(SEM) to test its validity. As the theory-driven model of engagement proves to 
be invalid, a number of potential causes of misspecification are provided and 
discussed at the end of chapter 7.
 – Chapter 8 follows up on the preceding chapter by examining and describing one of 
the potential causes of misspecification of the theory-driven model of engagement, 
the hierarchical ordering of the behaviors in the ELICSE.
 – Chapter 9 focuses on the development of the last of the three measures of 
engagement, quantity of movement1. It describes the treatment of the triaxial 
accelerometer signal, the feature extraction process, and discusses the adequacy 
of quantity of movement as a measure of engagement.
 – Chapter 10 presents the final model of engagement, the ENGAGE-DEM – a data-
driven modification of the theory-driven model of engagement. It describes the 
assumptions on which the model is based, its construction, and testing.
 – Chapter 11 reports the concluding remarks, the limitations, and future appli-
cations of the present research work.
1 This measure comes in late in the dissertation, as it was not suggested by the literature on engagement, but by the data 
collection and analysis.
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2.1 Introduction
This chapter revises the state of the art regarding engagement in three steps: (i) definitions 
of engagement, (ii) components of engagement, and (iii) measures of engagement. In this 
respect, it does not limit itself to studies regarding engagement in people with dementia. 
On the contrary, it encompasses research coming from different scientific fields focusing 
on a multitude of user types. This decision is motivated by three facts: (1) the literature 
on engagement in dementia is scarce and mainly confined in the work of few authors, (2) 
engagement as a construct is often victim of an over-simplification when studied in the 
context of dementia, and (3) the complexity of engagement can be captured exclusively by 
adopting different angles of view.
The present chapter aims at providing the reader with a thorough idea of how engagement 
is defined beyond scientific boundaries, what its main components are, and which tools 
have been developed to measure it at the levels experiential/subjective, behavioral/
expressive, and peripheral-physiological. 
2.2 Definitions of Engagement
At present, there is no consensus on the definition of engagement. The literature is filled 
with attempts and with partially overlapping notions that are called with different names: 
engagement, enjoyment, immersion, engrossment, flow. The interest surrounding engage-
ment in the recent years is mostly the result of a shift of focus in the fields of human-computer 
and human-robot interaction (HCI and HRI). In the former context, researchers have started 
evaluating the design of technologies beyond the usual functional and performance-based 
concepts of usability, efficiency, and effectiveness and got progressively involved with 
the “non-utilitarian aspects of the interaction”, the user experience (Hassenzahl, 2003). In 
the latter context, researchers have grown an interest in understanding the connection 
that humans create with artificial agents – especially with social robots – and using this 
knowledge to make these agents always more spontaneous, empathetic, affectionate, and 
compliant with social rules. The birth of engagement as a research topic, however, is not 
to be ascribed to HCI and HRI, but rather to Positive Psychology, the “science of positive 
subjective experience, positive individual traits, and positive institutions” (Seligman and 
Csikszentmihalyi, 2000). It is no coincidence that the most widely accepted and eminent 
framework of engagement – the flow theory – was produced by one of the most renowned 
representatives of Positive Psychology, Mihaly Csikszentmihalyi.
The review of the literature that we performed restituted a double definition of engage-
ment. On the one side, engagement is described as the involvement with an object: a 
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stimulus, a product, a book, a game, an interactive system, a physical activity. On the other 
side, it is presented as the involvement with an agent: a social robot, a person. We decided 
to report both connotations of engagement, as they can and in fact do co-exist.
2.2.1 Engagement with an Object
As anticipated, one of the most prominent definitions of engagement in the literature is 
Csikszentmihalyi’s definition of flow (Csikszentmihalyi, 1989; Csikszentmihalyi, 2014). 
As a word, flow was chosen out of consensus, it is the way most interviewees described 
the subjective experience of being engaged in autotelic activities – activities rewarding 
for themselves and not for the results they generate (Csikszentmihalyi, 1975; Getzels 
and Csikszentmihalyi, 1976; Csikszentmihalyi; 2000). Running, painting, dancing, rock-
climbing are some of the activities enlisted as evoking flow. All these activities entail an 
intense and focused concentration, the union of awareness and action, a sense of control 
of one’s own actions, the loss of self-consciousness, the distortion of the temporal axis, 
and the perception of intrinsic reward. Central to the notion of flow is the fragile balance 
between challenges and skills. When a person is in flow, the activity is just-manageable. 
The imbalance between challenges and skills can either lead to anxiety – when challenges 
exceed skills – or to apathy and boredom – when skills exceed challenges (see Figure 2).
Figure 2. Flow channel (adapted from Schell, 2014)
Brown and Cairns (2004) use the term immersion to describe a concept similar to flow, but 
not exactly overlapping, the experience of getting lost in a game and being out of contact 
with reality. According to the authors, immersion is closely related to the concept of 
presence, “the extent to which a person’s cognitive and perceptual systems are tricked into 
believing they are somewhere other than their physical location” (Lombard and Ditton, 1997; 
Slater et al., 2009). Immersion has three level of intensity: (i) engagement, (ii) engrossment, 
and (iii) total immersion. When engaged, gamers invest their time, effort, and attention in 
the game. When engrossed, their emotions are directly affected by the game. When totally 
immersed, they are cut off from reality, all that matters is the game.
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Douglas and Hargadon (2000) also describe immersion, but in novels. In contrast with 
Brown and Cairns, who situated engagement in the continuum of intensity of immersion, 
they differentiate engagement from immersion. Douglas and Hargadon declare: “immersive 
novels and films require virtually no engagement from their readers and viewers, since we can 
simply follow the plot and enjoy the ride”. What this statement suggests is that engagement 
has to do with the proactive effort of the reader in the activity of reading, while immersion 
just entails the act of being passively carried away by the novel. “Reading Jan Eyre is 
immersive”, while “reading Ulysses is engaging”. Jamming or flow are yet other concepts to 
Douglas and Hargadon. They occur when the reader, in its proactivity, is performing both 
incredibly well and effortlessly. Once again, the balance challenge/skills is key to flow.
More design-oriented definitions of engagement focus on the aesthetic qualities of a product 
or interactive system (Jacques et al., 1995; Overbeeke et al., 2003; O’Brien and Toms, 2008; 
Attfield et al., 2011). They situate the state of engagement in the system, as well as in the 
user. It is the capacity of the system to attract the attention of the user with its aesthetic 
qualities and the experience of the user that comes with it. To make an example, Chapman 
et al. (1999) define engaging systems as enticing for the users to the extent that they draw 
the user into the activity, seduce and spur him/her, capture and captivate his/her interest.
In contrast with these views, engagement in dementia is described in a far more basilar 
way. Cohen-Mansfield et al. (2011) define it as the “act of being occupied or involved with 
an external stimulus”, and, by extension, as “the antithesis of apathy”. Judge et al. (2000) 
present it as the motor or verbal behavior exhibited in response to the activity. Compared 
to the conception of engagement for healthy persons, the definition of engagement in 
dementia is deprived of any positive connotation and of any subjective quality.
In conclusion, every reviewed definition of engagement includes the following three 
elements: (i) a person – the user, the reader, the player, (ii) an object – a game, a physical 
activity, a book, a product, an interactive system, and (iii) an interaction between the 
person and the object. In plain words, engagement is described by the literature as the 
positive quality of the interaction of a person with an object. This quality is influenced by the 
attributes of the person, by the characteristics of the object, but also by the context where 
the interaction takes place (Cohen-Mansfield et al., 2011).
If the object is a book, the characteristics of the object influencing the quality of the 
interaction with the user can be the plot, the characters, the quality of the writing, the 
narrative style. If the object is a computer game, the characteristics of the object influencing 
the quality of the interaction with the user can be the game design elements: the game 
space (e.g., narrow pathways, maze), the game components (e.g., enemies, points, game 
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levels), the game mechanics (e.g. jumping, collecting), the game goals, and the game rules 
(Deterding et al., 2011). If the object is an activity, the characteristics influencing the quality 
of the interaction with the user can be the goal of the activity, the tools involved in it, and 
the persons participating to the activity (Carvalho et al., 2015).
Another element characterizing any definition of engagement is the voluntariness of the 
interaction. Engagement is unanimously described as intrinsically motivated. As a side 
note, it is noticeable that almost all the reviewed definitions of engagement with an object 
– except those for dementia – describe it as the subjective experience of the quality of 
interaction, posing a lot of attention on how the interaction is subjectively perceived and 
felt and neglecting its observable features.
2.2.2 Engagement with an Agent
In this section of the state of the art, we present definitions of engagement that regard 
human and artificial life-like agents, such as social robots. The decision to include social 
robots in the category agents instead of objects was dictated by the fact that social robots 
– as opposed to interactive systems - are endowed with the quality of social agency. They 
adhere to social norms and prompt social interactions comparable to those described by 
human-human (HHI) and human-animal interaction and, in fact, comply with models of 
interaction entirely distinct from those of HCI.
In general, the definition of social engagement (or interaction) is rather settled and 
refined in the context of social sciences. One of the most eminent formalizations of social 
engagement between humans is to be ascribed to Tickle-Degnen and Rosenthal (1990). 
They used the term rapport to describe the dynamic structure of three interrelating 
components: mutual attentiveness, positivity, and coordination. The authors claim that 
when people experience a high degree of rapport, they are other-involved, they form a 
cohesiveness with each other through the expression of mutual attention. Also, they feel 
a mutual sense of friendliness and caring (i.e., positivity) and are fine-tuned with each 
other to the extent that they react simultaneously, sympathetically, and sometimes in a 
synchronized way (i.e., coordination). As an example, when people experience a high level 
of rapport – when they click – they might find themselves mirroring each other’s postures, 
gestures (La France and Ickes, 1981), and physiological states (Levenson and Gottman, 
1983; Järvelä et al., 2014).
Opposed to HHI, social HRI has not yet developed a clear and globally accepted definition 
of engagement. Most of the studies regarding engagement with a social robot abstain from 
presenting a definition of the construct and rely on the reader’s common sense to fill the 
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void. Few of the definitions that can be retrieved in the literature are those of Sidner et al. 
(2005), Rich et al. (2010), Castellano et al. (2009a and 2009b), and Díaz-Boladeras (2017). 
They utilize notions of social engagement borrowed from social sciences and use terms 
such as individual and participant to refer both to human and robotic interactors. To them, 
social engagement is:
 – The process by which individuals in an interaction start, maintain, and end their 
perceived connection to one another (Sidner et al., 2005; Rich et al., 2010).
 – The value that a participant in an interaction attributes to the goal of being 
together with the other participant(s) and continuing the interaction (Castellano 
et al., 2009a and 2009b).
 – The observable component of bonding (e.g., time spent, joint activity, attention, 
proximity, absorption) and its behavior-inferred or self-reported emotional 
correlate (i.e., the feeling of closeness; Díaz-Boladeras, 2017).
Due to the lack of a formal definition of social engagement in the context of social HRI, 
engagement is often confused with attention. As Castellano et al. (2009b) correctly report, 
social engagement comprises an affective component on top of the attentional one. She 
and colleagues also note that engagement implies proactivity, as to say “a high action 
tendency” of the user.
With regards to the definition of social engagement in the context of dementia, the literature 
is quite limited. Cohen-Mansfield et al. (2010b) promoted the same definition of engagement 
both for the engagement with an object and for the engagement with an agent. In their 
view, sociality is an attribute of the stimulus. On the opposite, Jones et al. (2015) define 
social engagement (with a social robot) as a social connection/interaction, posing the 
attention on the process of interaction, rather than on the characteristics of the stimulus. 
They extend the work of Cohen-Mansfield et al. to include an affective connotation of social 
engagement. In spite of the great interest towards promoting engagement in dementia – 
especially of a social type and especially with social robots (Pino et al., 2015) – definitions 
that describe the complexity of the phenomenon are still scarce.
In conclusion, the reviewed definitions of social engagement include three components: 
(i) a person, (ii) an agent – human or artificial, and (iii) an interaction between the person 
and the agent. Social engagement is described by the literature as the positive quality of 
the social interaction between a person and an agent – being the agent artificial or human. 
The quality of the social interaction is influenced by the attributes of the person, the 
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characteristics of the agent, and the context where the interaction takes place (e.g., school, 
hospital, nursing home).
If the agent is a person, the attributes influencing the quality of interaction can be the length 
of the relationship (early encounters or later interactions), the character of the person, the 
aesthetics of the person (Dion et al., 1972), the degree of mutuality of his/her behavior. 
If the agent is a social robot, the characteristics influencing the quality of interaction can 
be the term of exposure to the interaction (i.e., short-term vs long-term), the social cues 
that the robot displays (Ghazali et al., 2017a and 2018a), the language it uses (Ghazali et al., 
2017a and 2017b), its appearance (Wu et al., 2012; Wrobel et al., 2013; Ghazali et al., 2018b), 
the reciprocity of its behavior (Leite et al., 2014), and its contingent responsiveness (Díaz-
Boladeras, 2017).
According to this analysis, engagement with an object and engagement with an agent are 
structurally similar. However, while in the type of interaction prospected by the latter, 
reciprocity is key – meaning that the agent and the person in the interaction are bound 
to respond to each other’s behaviors – within the type of interaction prospected by the 
former, reciprocity is optional. It can appear in the form of a feedback in an interactive 
system, but can as well be absent, as when reading a book.
Another difference between engagement with an agent and engagement with an object 
that we need to register regards the relationship between challenges and skills. Albeit for 
some users social interaction is particularly demanding (e.g., persons with autism or with 
dementia), in most cases it does not entail a substantial level of complexity. As a side note, 
we would like to point to the fact that – unlike engagement with an object – most of the 
definitions of social engagement are focused on the external representation of the quality 
of interaction and not on its subjective experience.
From this review of the definitions of engagement, it becomes evident the lack of a proper 
definition of engagement – both with an object and with an agent – in the context of 
dementia. The literature on the engagement of people with dementia should be enriched 
with the complexity and depth that the construct of engagement has when it regards 
healthy subjects. Hence, one of the first requirements of this doctoral work is to deploy a 
definition of engagement capturing its true connotation.
2.2.3 Co-Activity and Social Support
As anticipated, object- and agent-directed engagement can co-exist. Most of the playful 
activities with which we get involved include the presence of others. Brandtzæg et al. 
(2003) introduce the concept of co-activity, an activity that implies a collective action. In 
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co-activities, users do not engage with an object/agent alone. Instead, they do so with 
one or more social partners. Multi-player video games, running groups, study groups, 
robot-mediated interaction exist because we, as humans, find it more rewarding to pursue 
activities together with others rather than in isolation (Zajonc, 1965). 
Social affiliation has a boosting effect on engagement also in another sense, it provides social 
support. Karasek and Theorell (1990) define social support in the work environment as “the 
overall level of helpful social interaction available on the job from co-workers and supervisors” 
and claim that social support can moderate the negative impact of high job strain situations 
on health. Vygotsky (1987) presents social support (or scaffolding) as the most efficient way 
to learn. The zone of proximal development is in fact the difference between what a learner 
can do without help and what s/he can do with the help of a teacher or more competent 
peer. Put it in engagement terms, social support can enhance the abilities (or skills) of a 
person to the extent that s/he can achieve far more compelling objectives (challenges).
2.3 Components of Engagement
The take-away message from the previous section is that engagement is the positive quality 
of the interaction between a person and an object or agent, which can be influenced by the 
person attributes, by the object/agent characteristics, as well as by the environment where 
the interaction takes place.
Engagement can be captured from two perspectives: subjective and objective. These can 
be represented as an iceberg. The subjective facet of engagement can be grasped through 
the first person report of a subjective experience, thus it is the portion of the iceberg located 
under water. Without a person able to report his/her experiences, it remains inaccessible. 
The objective facet of engagement can be recorded through the observation of its visible 
elements, hence it is the portion of the iceberg situated above water. It is accessible even 
without the report of the person experiencing the engagement state.
In this section of the chapter, we identify the building blocks of engagement. To do so, 
we make reference to frameworks that refer to one or both of the following elements: 
person attributes that influence engagement, components of the subjective experience 
of engagement, observable components of engagement, and object/agent characteristics 
that affect engagement (see Table 1). Since we have identified a common structure between 
engagement with an object and engagement with an agent, in this section, we treat them 
together.
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2.3.1 Attention
Attention is unanimously recognized as the basic component of engagement (see Table 1). 
Indeed, it appears in all the reviewed frameworks. Nakamura and Csikszentmihalyi (2009) 
state that attention plays a key role in entering and staying in flow, as it shapes a person’s 
experience. “What to pay attention to, how intensely and for how long, are choices that will 
determine the content of consciousness, and therefore the experiential information that
is available to the organism” (Csikszentmihalyi, 1978). During flow, attention is allocated to 
a limited stimulus field, thus it becomes focused, and transforms itself into concentration. 
“Concentration is this intensely focused attention on a narrow range of stimuli. It is a 
prerequisite for (…) working at the peak of one’s capacity” (Csikszentmihalyi, 2014). Attfield 
et al. (2011) agree with Csikszentmihalyi. According to them, engagement in an experience 
involves focusing attention to the exclusion of other things. To them, it is specifically this 
focused attention that leads to the loss of time perception during heightened engagement. 
Interestingly, Bakker et al. (2010) describe a different form of attention, opposite to the 
focused one, peripheral attention. They describe attention as “the division of resources 
over potential activities” and define a center of the attention – the activity to which most 
of the resources are allocated – and a periphery – the activities that are not in the center 
regardless of the number of resources allocated to them. In this sense, focused attention 
can be seen as the exclusive allocation of resources to the center to the detriment of the 
periphery.
O’Brien and Toms (2008) describe four steps of engagement all modulated by attention: (i) 
point of engagement, (ii) period of engagement, (iii) disengagement, and (iv) re-engagement. 
To them, the process of engagement starts when the user’s attention is drawn by the 
aesthetic and information composition of the interactive system (i.e., point of engagement). 
Then, it continues for the period of time in which the user maintains his/her attention 
and interest towards the interactive system (i.e., period of engagement). Finally, it ends 
when the user makes an internal decision to stop the activity and directs his/her attention 
somewhere else (i.e., disengagement). At this point, engagement can be re-initiated and 
start all over again (i.e., re-engagement). Chapman et al. (1999) describe a similar process 
to that of O’Brien and Toms by borrowing the definition of engagement of Jacques (1995) 
which states that engagement is the positive interactive state where the attention of the 
user is willingly given and held.
Also in the context of dementia, attention is considered one of the main dimensions of 
engagement (Cohen-Mansfield et al., 2009). However, it is more an observational concept, 
it is the amount of focus that the person with dementia pays to a stimulus in terms of gaze 
allocation, manipulation of the stimulus, and verbal behavior regarding the stimulus.
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Attention can be unidirectional or mutual. In the context of engagement with an object, 
attention is usually unidirectional and exerted by the person on the object. However, when 
engagement becomes social, attention might become mutual and bi-directional. It can be 
exerted by all participants in the interaction – being those persons and/or artificial agents. 
This is the case of the attention described by Tickle-Degnen et al. (1990), Sidner et al. 
(2005), and Rich et al. (2010). As unidirectional attention, also mutual attentiveness occurs 
in the form of a process with a phase of establishment, maintenance, and end (Sidner et al., 
2005; Rich et al., 2010).
2.3.2 Affect
In Csikszentmihalyi, affect is not a necessary condition of flow. However, most of the 
frameworks that we reviewed feature affect – of a positive nature – as a crucial dimension 
of engagement. Attfield et al. (2011) and Chapman et al. (1999) affirm that engaged users 
are affectively involved. Castellano et al. (2009b), Peters et al. (2008), and Peters et al. 
(2009) regard engagement as a compound of attention and affect. Douglas and Hargadon 
(2000) talk about a pleasure principle in the title of their paper. Brown and Cairns (2004) 
present emotional involvement as the differentiating element discriminating between 
engagement and engrossment. O’Brien and Toms (2008) describe an emotional thread built 
in the state of engagement. Last, Tickle-Degnen and Rosenthal (1990) feature positivity as 
a component of rapport.
With regards to dementia, Cohen-Mansfield et al.’s framework of engagement (2009) also 
features an affective component, the attitude towards the stimulus. This refers to the 
amount of excitement/expressiveness towards the stimulus that the person with dementia 
displays. Interestingly, the frameworks of engagement for dementia – as opposed to those 
for healthy subjects – feature the whole range of affective states and not just positive 
ones. For instance, Jones et al. (2015) incorporate Lawton’s Observed Emotion Rating 
Scale (OERS) in their Video Coding - Incorporating Observed Emotion (VC-IOE) protocol. 
The OERS features both negatively and positively-valenced affective states (i.e., pleasure, 
anger, anxiety/fear, sadness, and general alertness).
2.3.3 Time
Time is a clear component of engagement. Across frameworks, it appears to have a twofold 
connotation. On the one hand, there is the subjective perception of time. On the other 
hand, there is its objective passage. When speaking about the former conception of time, 
researchers have described the state of engagement as characterized by a progressive 
spatiotemporal detachment that causes a distortion of the time perception during the 
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experience of engagement (Brown and Cairns, 2004; O’Brien and Toms, 2008; Nakamura 
and Csikszentmihalyi, 2009). When talking about the latter conception of time, a number of 
frameworks have paid attention to the temporal progression of engagement and identified 
its different phases (Sidner et al., 2005; O’Brien and Toms, 2008; Rich et al., 2010). Time 
has also a role on the endurability and retention of the experience of engagement. O’Brien 
and Toms (2008), O’Brien (2010), and Attfield et al. (2011) describe endurability as one of 
the components of engagement. There are two sides of endurability (Read et al., 2002). 
One is the likelihood of remembering an experience and is called remembrance. The other 
is the willingness to repeat that experience and is called returnance. Positive engaging 
experiences are more likely remembered and repeated by the user. This principle is called 
the Pollyanna principle.
2.3.4 Other Components
In the previous section, we mostly focused on the observable components of engagement. 
In this section, we describe person attributes influencing engagement, components of 
the subjective experience of engagement, and object/agent characteristics affecting 
engagement. As some of these concepts have already been partially treated in the chapter, 
we summarize them in Table 2.
In light of the different views on the composition of engagement, one of the requirements 
that a measurement framework on engagement should satisfy is to identify the components 
of engagement and their boundaries. In the context of dementia, this becomes especially 
difficult as the researcher needs to differentiate among those components of engagement 
that are actually accessible and those that cannot be reached due to the action of the 
disease.
2.4 Measures of Engagement
In this section of the chapter, we discuss the available measures of engagement. As 
anticipated in the introduction of the thesis, engagement can be measured on three 
different levels, according to three response systems: experiential/subjective, behavioral/
expressive, and peripheral-physiological.
We first enlist some of the available self-report measures of engagement, then we describe 
how engagement can be measured through physiology. Last, we present an overview of 
the behaviors used in the literature to assess engagement and inventory the behavioral 
assessment tools used for people with dementia.
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2.4.1 Experiential/Subjective Measures
As follows, we introduce three self-reports of engagement. These were selected for two 
reasons: (i) they assess the subjective experience of engagement in a quantitative manner 
and (ii) they are related to frameworks of engagement. The Experience Sampling Method 
(ESM) attempts to measure flow (Hektner et al., 2007; Nakamura and Csikszentmihalyi, 
Table 2. Other components of engagement: person attributes, experiential/subjective compo nents, object/
agent characteristics
TYPE OF COMPONENT COMPONENTS DESCRIPTION
Person Attributes Intrinsic motivation / 
Curiosity / Interest / 
Proactivity
When activities are autotelic, they are more 
likely to elicit curiosity, interest, and, in 
general, proactive behavior (Nakamura and 
Csikszentmihalyi, 2009).
Past and present 
preferences
These are the past and present interests of a 
person. Cohen-Mansfield et al. (2010a) found out 
that activities leaning on these interests are more 
engaging.
Experiential/
Subjective
Components
Skills / Challenge
-  Control / Richness
Attfield’s balance between control and richness 
(2011) is a synonym for Csikszentmihalyi’s balance 
between skills and challenges (2014).
Loss of self 
and external 
consciousness
Loss of self and external consciousness refers 
to the lack of contact with oneself and with 
the surrounding environment experienced 
during flow and immersion (Brown and Cairns, 
2004; O’Brien and Toms, 2008; Nakamura and 
Csikszentmihalyi, 2009).
Object/Agent 
Characteristics
Aesthetics The sensory and visual appeal of an interface 
(Attfield et al., 2011; O’Brien and Toms, 2008). The 
appearance and qualities of a stimulus have an 
effect on engagement (Cohen-Mansfield et al., 
2010a and 2010b).
Novelty The surprising, unfamiliar, and unexpected effect 
that interactive technologies are likely to elicit. 
The novelty of an interactive system is a feature 
that is likely to positively affect engagement 
(Attfield et al., 2011).
Reputation / Trust Reputation is the trust users globally invest in a 
resource. Trust is the reliability of that resource 
(Attfield et al., 2011).
Feedback / 
Reciprocity / 
Interactivity
Feedback is the information communicated to 
the users as a result of their actions (O’Brien 
and Toms, 2008; Stone et al., 2005). Reciprocity 
is the bi-directionality of social engagement. 
Interactivity is the ability of an interactive system 
to respond and reciprocate user’s inputs (O’Brien 
and Toms, 2008). 
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2009). The Game Experience Questionnaire (GEQ) aims at quantifying game immersion 
(Brown and Cairns, 2004). The User Engagement Scale (UES) is targeted at assessing 
O’Brien and Toms’ conception of engagement (2008).
The ESM (Kubey et al., 1996) is a self-report tool that enables the study of the subjective 
experience of flow in natural environments and everyday life. When measuring flow with the 
ESM, the respondents are typically equipped with a pager that emits an alarm at random 
intervals (usually 10 times per day). When the pager rings, the respondent is asked to note 
down pieces of information regarding his/her momentary psychological state. The ESM 
contains open questions regarding the location, social context, primary and secondary 
activity, content of thought, and time of the experience. Moreover, it features a number 
of Likert scales aimed at assessing the respondent subjective state regarding affect (i.e., 
happy, cheerful, sociable, friendly), activation (i.e., alert, active, strong, excited), cognitive 
efficiency (i.e., concentration, ease of concentration, self-consciousness, clarity of mood), 
and motivation (i.e., wish to do the activity, control, feeling of involvement).
The GEQ (IJsselsteijn et al., 2008) is a self-report assessment tool of the quality of game 
experience. It is made of three modules: (i) the core questionnaire which measures the game 
experience based on seven items (five-point Likert scale): immersion, flow, competence, 
positive and negative affect, tension and challenge; (ii) the social presence module which 
assesses the psychological and behavioral involvement of the player with a virtual, 
mediated, or co-located co-player; and (iii) the post-game questionnaire that gauges how 
the player feels after playing. The GEQ has also an in-game version which can be used to 
score engagement while the game is played. However, it is important to note that IJsselsteijn 
and colleagues did not publish any evidence on the psychometric reliability and validity of 
the GEQ, thus the properties of this assessment tool are still debatable (Norman, 2013).
The UES (O’Brien et al., 2018) is a 31-item experiential questionnaire that evaluates engage-
ment in several settings, such as education, consumer applications, haptic technologies, 
and video games. The 31 items of the UES are organized around six dimen sions: focused 
attention, perceived usability, aesthetic appeal, endurability, novelty, and felt environment.
As one can note, the ESM and GEQ include items that concern the presence of a social 
interactor during the engaging experience, while the UES does not. In general, as pinpointed 
before, rapport is not measured through its subjective self-reported correlates, but rather 
through its behavioral expression.
Self-reports of engagement for people with dementia are mainly qualitative and those 
that aspire to be quantitative are in general obtained by means of verbal accounts. One of 
Chapter 2 | State of the Art
24
PSM 20180821 Proefschrift Giulia Perugia BW.indd   24 24-09-18   10:56
the few self-reports for people with dementia is the Subjective Impression Questionnaire 
(SIQ; Wada et al., 2005). The SIQ is a four-item questionnaire administered verbally to 
people with dementia after the interaction with a social robot, it aims to gather the overall 
impression of the person with dementia regarding the activity. The questions in the SIQ are 
the following: (i) Is the robot cute/ugly? (ii) Do you like/dislike the robot? (iii) Is playing with 
the robot fun/boring? (iv) Do you want to play with the robot again? These questions are 
filled out on a five-point Likert scale by a facilitator or caregiver based on the content of the 
verbal report of the person with dementia. The SIQ has a number of defects: (1) it relies on 
closed questions that do not allow the rating of the magnitude of the dimensions cute/ugly, 
like/dislike, fun/boring on a Likert scale, (2) it relies on a proxy interpreting the meaning of 
a short subjective report, and (3) it is highly prone to an acquiescence bias as the negative 
reply to any of the four questions is likely to sound socially inappropriate. Albeit the SIQ has 
several drawbacks, the drought of self-assessment instruments of engagement targeted 
to people with dementia has brought several researchers to adopt it (Yu et al., 2015). 
This brings us to the third requirement of a measurement framework of engagement in 
dementia, investigate the use of self-reports.
2.4.2 Peripheral-physiological Measures
Most of the studies regarding the use of peripheral-physiological measures to assess 
engagement concern the fields of game experience (Ravaja et al., 2008; Nacke et al., 2010; 
Drachen et al., 2010; Negini et al., 2014), entertainment technology design (Silveira et al., 
2013; Mandryk et al., 2006a and 2006b), social HRI (Leite et al., 2013; Henriques et al., 2013), 
and media psychology (Van den Bosch et al., 2013). Across these studies, EDA appears to be 
the most widely employed psychophysiological measure. EDA is the electric change in the 
skin deriving from the activation of the sympathetic nervous system (SNS). This activation 
– which is triggered by episodes of excitement, attention, anxiety, and high cognitive load 
(Andreassi, 2010) – leads to the secretion of sweat from the eccrine glands, a type of glands 
situated under the palms of hands and soles of feet, that react to psychological stimulation 
alongside temperature.
The extensive use of EDA as a measure of engagement is to be ascribed to the fact that 
this psychophysiological measure is straightforward to understand, low-cost if compared 
to other psychophysiological measures, and minimally intrusive. Also, it is more reliable in 
terms of engagement recognition with respect to other measures, such as heart rate (HR) 
and heart rate variability (HRV). As an organ, the skin is exclusively innervated by the SNS, 
while the heart is dually innervated by the sympathetic and the parasympathetic nervous 
system (PNS). Sympathetic activation – which is related to emotional arousal – causes the 
heart to beat faster; parasympathetic activation – which is related to information intake 
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and attentional allocation – causes the heart to beat slower (Ravaja, 2004: Ravaja et al., 
2008). As engagement is a compound of both emotional and attentional processes, the 
use of cardiac measures to assess engagement might lead to somewhat counterintuitive 
results. To tackle this issue, HR and HRV are often employed in combination with other 
physiological measures that can help in discriminating whether the source of cardiac 
activation is sympathetic or parasympathetic. HRV is particularly interesting in the context 
of engagement as it can be used to assess and visualize arousal, but also mental stress 
(Taelman et al., 2009; Liang et al., 2018; Yu et al., 2018). Unfortunately, most of the studies 
employing HR and HRV are conducted with young participants – mostly university students 
(e.g., Mandryk et al., 2006a and 2006b, Ravaja et al., 2008, Drachen et al., 2010; Henriques et 
al., 2013; Negini et al., 2014; only Nacke et al., 2010 contemplated a slightly older population 
with an age of 18 to 41 years) - and are hence hard to generalize to the dementia population 
which is usually composed of people older than 65 years of age. With the increase of age, the 
incidence of cardiovascular disease grows exponentially. In people aged between 20 and 
39 years, the prevalence of cardiovascular disease is of the 11.9% (15.9% in men, 7.8% in 
women), in persons with an age comprised between 60 and 79 years and with an age over 80 
years, it is respectively of the 73% (73.3% in men, 72.6% in women) and of the 82.6% (79.3% 
in men, 85.9% in women; Yazdanyar and Newman, 2010; Prince et al., 2015). Cardiovascular 
disease might intrude the reliability of HR and HRV in elderly people. Moreover, patients 
with dementia present a decreased variability in their HR as noted by Giblin (2016), Giblin et 
al. (2013), and Phillips (2011) and further confirmed by Treusch et al. (2015).
Peripheral-physiological measures of engagement lean on dimensional models of affect 
to infer engagement. The most eminent of these is the circumplex model of affect (Russell, 
1980; Posner et al., 2005). According to this model, any emotion resides in a two-dimensional 
space defined by two orthogonal axes: arousal and valence (see Figure 3). Arousal describes 
the degree of activation of a certain affective state (deactivated-activated), valence 
describes its pleasantness (unpleasant-pleasant). EDA – which univocally measures 
arousal – has been used to detect engagement in conjunction with other physiological 
measures, more suited to measure valence. One example is facial electromyography (EMG). 
Facial EMG measures the electrical activity of three muscles of the face: orbicularis oculi, 
zygomaticus major, and corrugator supercilii. The zygomaticus major and orbicularis oculi 
are activated by the act of smiling and laughing. The corrugator supercilii is activated by 
the act of frowning. Facial EMG is particularly suited to discriminate positive and negative 
affective states (Mandryk et al., 2006a; Mandryk et al., 2006b; Ravaja et al., 2008; Nacke et 
al., 2010). However, it is extremely intrusive as it implies that electrodes are to be placed on 
participants’ faces. The placement of electrodes on participants’ faces is not only likely to 
produce artifacts (e.g., noise) in the signal as it causes nervousness, but also prevents the 
experimental subjects to forget that they are taking part in a study, thus producing a threat 
to the internal validity of a study called ‘artificiality’.
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Studies on the physiology of engagement of people with dementia are scarce and involve 
costly or invasive procedures, such as EEG (Wada et al., 2005), urinalysis and hormones 
analysis (Wada and Shibata, 2008), and fNIRS (Kawaguchi et al., 2012). In the context of 
dementia, we found only two studies conducted using EDA, both for purposes beyond our 
interest (Treusch et al., 2015; Alam et al., 2016). The only real antecedent to our work is a 
study carried out with healthy seniors and seniors with Mild Cognitive Impairment (MCI) 
during interactions with a telepresence robot (Giraff) using cardiac measures, such as 
HR and heart rate variability (HRV; Tiberio et al., 2012). As a consequence, it is extremely 
important for the study of engagement in people with dementia to explore the measurement 
of the physiology of engagement in the field with unobtrusive sensors.
2.4.3 Behavioral/Expressive Measures
Behavioral measures of engagement follow a different trend with respect to experiential/
subjective and peripheral-physiological measures: they are scarce for healthy subjects and 
abundant for people with dementia. Apparently, when the subjective facet of engagement 
is easily reached, its behavioral correspondents are neglected.
Most behavioral metrics of engagement for healthy subjects come from the field of social 
psychology (i.e., interaction studies on children) and social HRI. In this latter context, 
researchers seek for behavioral indicators that robots can track with sensors and use to 
infer engagement states. In this sense, gaze is one of the most exploited behavioral cues of 
engagement (Peters et al., 2005, Castellano et al., 2009b; Nakano and Ishii, 2010; Bednarik 
et al., 2012) as it provides the robot with a clear idea of what the user is paying attention to. 
Figure 3. Circumplex model of affect (adapted from Posner et al., 2005)
State of the Art | Chapter 2
27
Ch
ap
te
r 2
PSM 20180821 Proefschrift Giulia Perugia BW.indd   27 24-09-18   10:56
When a social robot takes up the role of a game companion, it is crucial for it to keep track 
of whether its human interactor is paying attention to the game or not (Castellano et al., 
2009b). Also, it can use gaze as a social hint to direct the attention of the human interactor 
towards a particular target in the game environment (Mwangi et al., 2018).
Rich et al. (2010) identify two gaze behaviors that regulate social interactions: directed 
gaze and mutual gaze. The former occurs when a person (the initiator) looks at an object 
in the immediate environment and, with a short delay, the other interactor (the responder) 
looks at the same object. The latter starts when the initiator looks at the responder’s face 
and then, after a short lag, the responder looks back at him/her. Other extensively used 
behavioral cues of engagement are backchannel events (Tickle-Degnen and Rosenthal, 
1990; Rich et al., 2010; Inoue et al., 2016). These are, for instance, nods and “saying uh, 
huh” and are typically used in conversation to notify the responder’s comprehension of the 
initiator’s communication.
Also facial expression and postures are commonly used to quantify engagement states. With 
regards to the first, the majority of the reviewed studies employ the Facial Action Coding 
System (FACS; Ekman and Rosenberg, 1997) – an anatomical taxonomy that describes all 
observable facial movements – to train machine learning models aimed at recognizing 
emotions from facial expressions (Castellano et al., 2009b; Jaques et al., 2016; Monkaresi 
et al., 2017). With regards to the latter, posture actions (e.g., sitting on the edge, leaning 
forward, sitting upright, leaning back, slumping back), joint kinematics (i.e., the motion 
of joints or body segments), and posture features (i.e., body lean angle, slouch factor, 
quantity of motion, contraction index) are utilized to define engagement levels (Mota and 
Picard, 2003; Sanghvi et al., 2011; Ge et al., 2016; Jaques et al., 2016).
In the context of dementia, we identified three methodologies to assess engagement 
through behavior: observational rating scales, ethograms, and coding schemes. 
1. Observational rating scales (see Table 3) are Likert-type scales that gauge 
engagement on a number of items operationalized through behavior. Some exam-
ples are the Observational Measurement of Engagement (OME; Cohen-Mansfield 
et al., 2009), the Menorah Park Engagement Scale (MPES, Judge et al., 2000), and 
the Observed Emotion Rating Scale (OERS, Lawton et al., 1996).
2. Ethograms (see Table 4) are comprehensive and accurate inventories of engage-
ment-related actions observed in context and used to annotate videos. These are 
for instance developed by Olsen et al. (2016), Jøranson et al. (2016), and Jones et 
al. (2015).
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Table 3. Observational rating scales of engagement for people with dementia
OBSERVATIONAL 
RATING SCALE
ITEMS OPERATIONAL DESCRIPTION / BEHAVIORS
OME
Cohen-Mansfield et 
al., 2009
Duration 
(in seconds or minutes)
Length of time that the resident is occupied or involved 
with a stimulus.
Attention 
(4-point Likert scale)
Amount of attention the resident is paying to an object 
during the engagement (manipulating/holding/content 
of talking about object). Following staff instructions 
without any change in affect is still attention. Attention 
can be visual or physical: (i) visual engagement: eye 
contact, eye tracking, visual scanning, (ii) physical 
engagement: i.e., stroking cat even if looking away.
Attitude
(7-point Likert scale)
Amount of excitement/expressiveness toward stimulus: 
smiling, frowning, energy, excitement in voice.
Refusal
(yes or no)
Whether or not the participant refuses the stimulus.
MPES
Judge et al., 2000
Non-engagement
(1st point of the Likert scale)
Staring off into space or another direction away from 
the activity, sleeping, or any motor and/or verbal 
behavior in response to an activity that the client 
is not currently participating in. Comparable to 
disengagement and apathy
Self-engagement
(2nd point of the Likert scale)
Motor, verbal, listening and/or looking behavior during 
a transition period when an activity is not offered 
or when the client chose not to participate in the 
scheduled activity.
Passive engagement
(3rd point of the Likert scale)
Listening and/or looking behavior exhibited in 
response to the activity the client is participating in. 
Listening to a discussion or a speaker, watching others 
paint or color in an art therapy project, and listening 
to music.
Constructive engagement
(4th point of the Likert scale)
Motor or verbal behavior exhibited in response to the 
activity in which the client is taking part. 
Talking in a discussion group, painting in a creative arts 
activity, and singing or dancing to music.
OERS
Lawton et al., 1996
Pleasure
(5-point Likert scale)
Laughing, Singing, Smiling, Kissing, Stroking or Gently 
touching other, Reaching out warmly other.
Anger
(5-point Likert scale)
Physical Aggression, Yelling, Cursing, Berating, 
Shaking fist, Drawing eyebrows together, Clenching 
Teeth, Pursing lips, Narrowing eyes, Making distancing 
gestures.
Anxiety/Fear
(5-point Likert scale)
Shrieking, Repetitive calling out, Restlessness, 
Wincing/Grimacing, Repeated or agitated movements, 
Line between eyebrows, Lines across forehead, Hand 
wringing, Tremor, Leg jiggling, Rapid breathing, Eyes 
wide, Tight facial muscles.
Sadness
(5-point Likert scale)
Crying, Frowning, Eyes Drooping, Moaning, Sighing, 
Head in hand, Eyes/Head turned down and Face 
expressionless.
General Alertness
(5-point Likert scale)
Participating in a task, Maintaining eye-contact, Eyes 
following object or person, Looking around room, 
Responding by moving or saying something, turning 
body or moving towards object or person.
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Table 4. Ethograms of engagement for people with dementia
ETHOGRAM BEHAVIOR GROUPS / BEHAVIORS / OPERATIONAL DESCRIPTIONS (when available)
Olsen et al., 
2016
 – Conversation (unspecified target)
 – Look at (other people, the dog activity, other things)
 – Touch (people, dog)
 – Smile or laugh at (dog, other things)
 – Sing/dance/clapping hands
 – Stereotyped behavior
 – Wandering around
 – Agitated behavior
 – Yawn and sigh
 – No response/ Asleep
 – Leaving the room
 – Off camera
Jøranson et 
al., 2016
 – Conversation with or without PARO
 – Observe (PARO, other participant/activity leader, other things in the room),
 – Smile/laughter (PARO, other participant/activity leader)
 – Physical contact with PARO
 – Active with PARO
 – Singing/whistling
 – Clapping/humming/dancing
 – Napping
 – Walking around/ Repetitive movement
 – Time out of recording
 – Physical contact (with participant/activity leader)
 – Signs of discomfort
 – Leaving the group
 – No response to contact.
VC-IOE
Jones et al., 
2015
Facial emotional response
The OERS items: Pleasure, anxiety/fear, anger, sadness, general alertness, none.
Verbal engagement
 – Positive verbal engagement with stimulus: Participating and maintaining 
conversation, verbally responding to statement/questions specifically to stimulus 
and about stimulus.
 – Positive verbal engagement with facilitator: General talking. Participating and 
maintaining conversation, verbally responding to statements/questions that are not 
relevant to stimulus.
 – Negative verbal engagement: Verbalizes the desire to leave. Refuses to participate 
in the activity by verbalizing “no”, “stop”, etc. Makes repetitive generalized somatic 
complaints. Cursing and swearing.
 – No verbal engagement: Not participating and maintaining conversation. Not 
responding or talking to the facilitator when prompted.
 – Missing: No audio or distorted audio.
Visual alertness/engagement
 – Visually engaged with stimulus: Appears alert and maintaining eye contact with 
stimulus. Eyes following stimulus or looking at stimulus.
 – Visually engaged with facilitator/others: Appears alert and maintaining eye contact 
with facilitator or others. Eyes following facilitator or others. Looking at facilitator 
or others.
 – No visual engagement: Appears inattentive. Blank stare into space. Does not make 
eye contact with stimulus, facilitator or others.
 – Missing visual: Cannot see face to determine visual engagement.
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ETHOGRAM BEHAVIOR GROUPS / BEHAVIORS / OPERATIONAL DESCRIPTIONS (when available)
Behavioral engagement
 – Positive behavioral engagement: Touching or attempting to touch stimulus. 
Stroking, petting, nuzzling, holding and handling stimulus appropriately.
 – Negative behavioral engagement: Hitting, shaking and handling stimulus 
inappropriately. Shoving stimulus away. Pulls back from stimulus or facilitator. 
Maintains a stiffness of extremities.
 – No behavioral engagement: No touching; no physical contact with stimulus or 
not handling stimulus. Rests stimulus on lap or on furniture, but not handling or 
interacting with stimulus.
 – Missing behavior: Cannot see the body posture of the resident.
Collective engagement
 – Using stimulus for collective engagement: Encouraging others to interact with 
stimulus. Introducing stimulus to others. Using stimulus as a communication 
channel to interact and talk with others (e.g., family members, staff and other 
residents).
 – No evidence of collective engagement
Agitation
Based on Cohen-Mansfield Agitation Inventory – CMAI
 – Evidence of agitation: Restlessness, repeated/agitated movement (frequent non-
purposeful movement), moving in chair, picking and fiddling with clothes; repetitive 
rubbing own limbs or torso; appears anxious. Repeats words or phrases (exclude 
stumbling over word/phrase), abusive or aggressive toward self or other.
 – No evidence of agitation: No sign of agitation as described above.
Table 5. Coding schemes of engagement for people with dementia
CODING SCHEME BEHAVIORS / OPERATIONAL DESCRIPTIONS (when available)
Wada et al., 2010  – Emotional expression (laugh, smile, no expression, hate)
 – Gaze (PARO, staff, user, others)
 – Talk (PARO, staff, user, others) 
 – Type of interactions with PARO (give, stroke, hold, other)
Cruz et al., 2011  – Engagement in the task: The resident moves the body or a body part in order 
to perform a task related to the activity.
 – Interactions with objects: The resident voluntarily moves the body or a body 
part in the direction of an object, reaching it.
 – Verbal communication: The resident articulates words or sentences with 
meaning, voluntarily and purposely, in order to communicate with another 
person.
 – Smiling
 – Laughing
 – Nodding the head 
 – Closed eyes
Šabanović et al., 
2013
 – Visual engagement: Look at the robot.
 – Verbal engagement: Speak, sing, vocalizations towards the robot.
 – Physical engagement: Pet, hit, hold, kiss, take/offer PARO.
Takayanagi et al., 
2014
 – Talk (to PARO/lion, to the staff, to him/herself or to nobody)
 – Touched or stroked (PARO/lion)
 – Positive, neutral or negative facial expression.
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3. Coding schemes (see Table 5) are excerpts of ethograms aimed at answering 
specific research questions (Martin and Bateson, 2007; Bakeman and Quera, 2011). 
Some examples of coding schemes are those of Wada et al. (2010), Cruz et al. (2011), 
Šabanović et al. (2013), and Takayanagi et al. (2014).
As one can notice from Tables 3, 4, and 5, observational rating scales, ethograms, and 
coding schemes feature some of the behavioral metrics identified in social HRI, namely 
gaze, facial expressions, postures, and backchannels. However, they take on a more 
multimodal and exhaustive approach and also include affective touch (e.g., stroke, hold, 
clapping), facial gestures (e.g., kissing, yawning, wincing/grimacing), manipulations (e.g., 
hold, touch), vocalizations (e.g., singing, humming), content of conversation (e.g., yelling, 
cursing, berating), stereotyped behaviors, and agitated behaviors (e.g., hand-wringing, 
wandering around) in the measurement of engagement.
Observational rating scales are very useful tools to get a broad idea of the engagement 
state of the person with dementia during activities. However, they can grasp engagement 
only at a global level. Indeed, they do not get into the detail of how behavior naturally 
occurs and unfolds. They collect a general idea of engagement drawn from the meaning of 
certain behaviors. Coding schemes provide a deeper understanding of behavior compared 
to observational scales. However, they grasp only some characteristics of behavior. 
Indeed, instead of considering behavior in its natural flow, they fragment it to pick up only 
the desired pieces of information. In some cases, since the fragmentation of behavior is 
not performed in a systematic way – as a result of a preexisting ethogram – it results in 
a cherry-picking of behaviors based on their perceived meaningfulness. Ethograms are 
optimal to study behavior in its complexity as it naturally occurs and flows. However, they 
produce a measurement of engagement that is not integrated, but segmented into many 
small pieces of information that cannot be traced back to a whole body dynamic and hence 
to an overall engagement state.
The main flaw of state of the art assessment tools of engagement-related behavior does 
not reside in what they measure, but in how they measure it. Social HRI metrics conceive 
behavioral modalities in isolation. Observational rating scales employ behaviors to 
operationalize the different items of engagement. Ethograms and coding schemes 
fragment behavior into many small pieces difficult to bring back to an overall engagement 
state. In general, there is the need for a measurement system that saves the complexity 
and multimodality of behavior, allows the assessment of behavior in its whole-body 
configuration, and enables researchers to make inferences regarding the engagement state 
that a certain body configuration represents. This can be substantiated in the following 
requirement: develop a methodology to measure engagement-related behavior in a more 
consistent way across activities.
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2.5 Conclusions
This chapter has given a systematic and thorough account of the literature surrounding the 
notion of engagement. First, it has scrutinized the major definitions of engagement coming 
from different scientific fields. Second, it has enumerated and described the components 
of engagement. Last, it has identified several measures of engagement and organized them 
along the three response systems.
According to the state of the art, engagement is the positive quality of the interaction between 
a person and an object (e.g., a game, an activity) or agent (e.g., a person, a social robot) 
which is influenced by the attributes of the person experiencing it, by the characteristics of 
the object/agent with which the person is involved, and by the context where the interaction 
takes place. If we leave aside the elements influencing engagement (i.e., person attributes 
and object characteristics) and just focus on engagement as a state, we can isolate three 
observable components of engagement – attention, affect, and time investment/duration2 
– and three experiential components of engagement – time perception/endurability, control 
(or balance between challenges and skills), and loss of self and external consciousness. 
In terms of measurement, engagement can be compared to an iceberg, which has a 
submerged and an emerged part. The submerged part is the subjective side of engagement 
and can be measured through self-reports – such as the ESM, the GEQ and the UES. 
The emerged part is the observable side of engagement and can be gauged through 
psychophysiological measures – like EDA, EMG, and HR – and behavioral metrics – for 
example, gaze, facial expression, and postures. 
When the engagement of people with dementia is at stake, its definition is deprived of 
the usual positive connotation and of any subjective quality and its components are 
presented as observational constructs. Moreover, assessment tools of engagement are 
few and mostly grounded on behavior observation. In order to pursue a more appropriate 
measurement of the engagement of people with dementia, the framework to build needs 
to meet the following requirements:
 – Requirement 1: Deploy a definition of engagement capturing its true connotation.
 – Requirement 2: Identify the components of engagement and their boundaries.
2 Time (as duration of engagement) is not a component of engagement that one can infer from the behavior or physiology. 
It is more an observable consequence of the state of engagement.
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 – Requirement 3: Investigate the use of self-reports.
 – Requirement 4: Explore the measurement of the physiology of engagement in the 
field with unobtrusive sensors.
 – Requirement 5: Establish a methodology to measure engagement-related beha vior 
in its units and as a body configuration across activities.
Also, in order to formalize the knowledge resulting from a definition of engagement and 
from the study of its components and multimodal measures, a framework of engagement 
for people with dementia should meet an additional requirement:
 – Requirement 6: Profile the expression of engagement by determining the rela-
tionships among its different components and measures.
The next chapter will serve to narrow down the state of the art regarding engagement to 
the context of dementia, sketch the theoretical framework in which the present doctoral 
research operates, and present a tentative model of engagement for dementia based on 
the literature review.
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3.1 Introduction
This chapter circumscribes the state of the art on engagement to the context of dementia 
and outlines the theoretical framework of this dissertation. First, it proposes a new definition 
of engagement for dementia. Second, it settles the type of activities that fall within the 
definition. Third, it establishes which components of engagement are sensible and accessible 
in people with dementia. Last, it enumerates the possible measures of engagement for people 
with dementia. Finally, as a result of this process, it sets out a tentative theory-driven model 
of engagement that specifies the hypothesized relationships between the components of 
engagement and introduces a number of possible metrics to quantify them.
3.2 Provisional Definition of Engagement for Dementia
According to the literature, engagement is the proactive involvement with an object (e.g., a 
game, an interactive system) or an agent (e.g., a person, a social robot) that has a positive 
affective nuance. By extension, we provisionally define engagement in dementia as the 
psychological state of enjoyment and proactive attentiveness experienced by a person 
with dementia involved in a meaningful activity. The present definition of engagement: 
(i) Identifies the person experiencing engagement – the person with dementia – and 
the object of his/her engagement – a meaningful activity.
(ii) Briefly sketches the main components of engagement identified in the literature – 
positive affect and attention – from the perspective of the person with dementia: 
enjoyment – the state or process of taking pleasure in something (Oxford 
dictionary) – and proactive attentiveness – the proactive action of paying close 
attention to something (Oxford dictionary).
This definition of engagement is still tentative. It will turn definitive should the model of 
engagement encompassing it be confirmed.
3.3 Co-activities for People with Dementia
According to the ethnographic study that we performed at the beginning of this doctoral 
project (see Appendix A), individual activities are mostly targeted to persons with severe to 
very severe dementia, while most of the activities for people with a dementia ranging from 
mild to moderate are co-activities. In the context of this doctoral dissertation, we decided 
to focus on co-activities. This is because co-activities constitute a non-pharmacological 
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form of prevention of the progression of the disease and also because they respond to 
three needs of the person with dementia: (i) the need for occupation, as to say the necessity 
to feel useful and participate to meaningful activities, (ii) the need for attachment, which 
refers to the necessity to form bonds with others, and (iii) the need for inclusion, which has 
to do with the necessity to feel part of a social group, and restrain from loneliness and 
isolation (Vila-Miravent et al., 2012).
As described in Appendix A, within this dissertation, we focus on co-activities that have the 
following characteristics: (a) they do not entail physical effort, (b) they envision a proactive 
role for the person with dementia, and (c) they involve the use of tangible artifacts. Physical 
activities are excluded as they prospect a type of engagement distinct from the one profiled 
in the state of the art. Proactive activities are preferred because they are more likely to elicit 
intrinsically motivated engagement. Activities mediated by tangible artifacts are privileged 
as they provide people with dementia with important multisensory stimulation. Moreover, 
they are a superset of technology-mediated activities, such as robot-mediated interaction.
3.4 Components of Engagement in Dementia
According to the literature, engagement is a compound of subjective elements – loss of 
self and external consciousness, sense of perceived control over the activity, and time 
distortion – and of observable elements – attention and affect. In dementia, the subjective 
components of engagement cannot be reliably measured. This is because the detachment 
from reality and loss of spatial and temporal reference points that is so distinctive of the 
subjective experience of engagement is in fact the normal condition of most persons with 
dementia. As a consequence of this, we can just gather the subjective opinion of the person 
with dementia on the likeability of the activity and potentially use it as gold standard. 
However, the only components of engagement that can be reliably gauged in people with 
dementia are the observable ones. These are attention, affect, and – as we concentrate on 
co-activities – also rapport.
To stress the connection with the state of the art and make the notions of attention, affect, 
and rapport more clear, hereafter, we report their definitions:
1. Attention, or focused attention, is the voluntary focusing of attention on a limited 
stimulus field (Csikszentmihalyi, 2014).
2. Affect, or core affect, is the neurophysiological state accessible to consciousness as 
a single simple feeling (Russell, 2003) which is a blend of two dimensions, valence 
(displeasure-pleasure) and arousal (deactivation-activation).
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3. Rapport is a meaningful human experience of close and harmonious connection 
with another that involves common understanding (Tickle-Degnen, 2006).
3.5 Measures of Engagement for Dementia
The measurement framework of engagement that we draw from the literature encompasses 
all three response systems: experiential/subjective, behavioral/expressive, and peripheral-
physiological. However, it attributes them different functions. The experiential/subjective 
system – constrained as described above to the subjective opinion of the person with 
dementia on the likeability of the activity – is used (if deemed reliable) as a gold standard 
of engagement. The behavioral/expressive system is utilized to gauge the components of 
engagement focused attention, rapport and valence. The peripheral-physiological system 
is used to quantify the component of engagement arousal, which, together with valence, 
gives an account of core affect.
With regards to the experiential/subjective level of measurement, we employ the only 
available self-report of engagement for dementia, the SIQ (Wada et al., 2005). As this tool 
does not come with a validity and reliability check, we utilize it in an exploratory study 
to ascertain its feasibility and are ready to resort to observational rating scales in case it 
does not provide sensible results. With respect to the behavioral/expressive system, we 
develop a dedicated coding system of engagement by adopting a mixed approach. We use 
ethograms to create exhaustive activity-dependent taxonomies of behaviors and then 
employ Laban-Movement Analysis (Laban, 1966) to interpret and organize them in sensible 
categories workable across activities. With regards to the peripheral-physiological system, 
we utilize EDA as a measure of the psychophysiological correlates of engagement. We 
reviewed previous studies carried out with healthy adults and children (Henriques et al., 
2013; Leite et al., 2013) and identified the following features to extract: signal magnitude 
area, mean, standard deviation, range, summation of harmonics, number of peaks ratio, 
kurtosis, and skewness.
3.6 Tentative Theory-driven Model of Engagement for Dementia
In this section of the chapter, we present a tentative version of the model of engagement 
that we are going to further define and test after data collection. This model is the result 
of the review of the literature on engagement and of its organization in the theoretical 
framework specific to dementia that we have just outlined. As the model strongly relies on 
the literature, we call it theory-driven.
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The theory-driven model of engagement is drawn according to path diagram notation, 
a symbolic language that describes different types of variables and the relationships 
between them. Per conventional path diagram notation, latent variables – variables that 
are not directly observable (e.g., intelligence, trust) – are depicted by circles and indicators 
– variables that are directly measurable (e.g., height of a person) – are depicted by squares 
or rectangles. Unidirectional arrows (→) between these variables represent direct effects 
(i.e., regressions), while curved bi-directional arrows (↔) symbolize covariances (i.e., 
correlations; Brown, 2006).
In the theory-driven model, the state of engagement is represented as a latent variable 
that has a direct effect on another three latent variables. These are the components of 
engagement in dementia: focused attention, core affect, and rapport. Focused attention 
and rapport are measured through a number of behavioral indicators which are not yet 
established. In Figure 4, we present some possible metrics, but connect them to the 
Figure 4. Tentative theory-driven model of engagement
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latent variables via dotted arrows to stress their temporariness. As for core affect, given 
its blended nature, it bifurcates into two ulterior latent variables, the orthogonal axes 
of the circumplex model of affect, arousal and valence. Likewise focused attention and 
rapport, also valence is measured through behaviors yet to be determined. With regards 
to arousal, instead, it is assessed through the features of EDA. These are organized around 
the components of EDA that they reflect: tonic EDA (i.e., slower acting components and 
background characteristics of the signal), phasic EDA (i.e., faster changing elements of 
the signal, such as its peakedness), and the frequency distribution of EDA. According to 
this model, the more engaged is the person with dementia, the more focused attention 
and rapport increase, valence becomes positive, and arousal rises. This functioning of 
engagement closely depicts the definition of engagement given by the literature.
3.7 Conclusions
This chapter has established the theoretical framework of the dissertation in terms of 
definition, components, and measures of engagement for dementia. Moreover, it has 
proposed a tentative theory-driven model of engagement that systematizes the relation-
ships between the components of engagement and outlines how these components can 
be measured.
The theory-driven model of engagement that we presented here is still tentative. To deploy 
the definitive version, we first need to gather a large sample of multimodal data. Then, we 
need to develop a coding system of engagement-related behavior and prove its reliability. 
Last, we must verify the adequacy of each of the selected measures of engagement against 
the gold standard. Only after these three steps, we can finalize the theory-driven model of 
engagement and test it with structural equation modelling (SEM).
In appendix B, we describe the exploratory study that brought us to the definitive exclusion 
of self-reports as a gold standard of engagement for people with dementia. In the next 
chapter, we detail the process of data collection in terms of methods, procedures, and 
instruments. In Chapter 5, we assess the adequacy of EDA as a measure of engagement. 
In Chapter 6, we present the coding system of engagement-related behavior, discuss the 
results of the inter-rater reliability, and test its adequacy as a measure of engagement. Only 
then, in Chapter 7, we describe the final version of the theory-driven model of engagement 
and run it with SEM.
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4.1 Introduction
This chapter describes the experimental study that we carried out to collect a multimodal 
database of engagement-related data. Within this experimental study, we collected data 
using video cameras, wearable physiological sensors, and observational rating scales. 
These data served four purposes: (i) video recordings enabled us to build a coding system 
of engagement-related behavior and attest its adequacy as a measure of engagement, (ii) 
wearable physiological sensors allowed us to collect EDA and verify its appropriateness as 
a measure of engagement, (iii) observational rating scales provided us with validated and 
reliable experts’ estimates of engagement usable as gold standard to assess the concurrent 
validity of the coding system and of EDA. Finally, taken together, (iv) the multimodal data 
led us to finalize and test the theory-driven model of engagement.
The present chapter focuses on detailing the methods, procedures, and instruments 
utilized for data collection and motivating them in virtue of the theoretical framework 
sketched in the previous chapter and of the ethnographic and exploratory studies 
discussed in Appendix A and B. The results of the experimental study that reply to the 
research questions of this dissertation are discussed in the subsequent chapters.
4.2 Participants
The multimodal data were collected in two nursing homes in the province of Barcelona 
(Redós de Sant Josep i Sant Pere and La Mallola). Fourteen participants with an age 
comprised between 69 and 92 years (Mage= 83.93, STDage= 7.28) were selected among 
the residents of the nursing homes to take part in the study. Inclusion criteria for the 
participation in the study were a diagnosis of mild to moderate dementia and the informed 
consent of both the participants and their legal guardians. Exclusion criteria were severe 
dementia, acute visual impairment, bedridden condition, reduced motility in the upper 
limbs, Parkinson’s disease, Parkinson’s disease dementia, and strong hallucinatory or 
delusional states.
The decision to exclusively focus on mild and moderate dementia was taken as a result of 
the ethnographic study. Indeed, during the observation of leisure activities in the nursing 
homes, we realized that people with severe dementia displayed behaviors that might be 
given an engagement meaning, but were in fact due to the severity of the clinical condition 
(e.g., sleeping). At this level, we needed to find unambiguous physiological and behavioral 
correlates of engagement, thus we resorted to people with mild and moderate dementia. 
In a second moment, the results of this study can be generalized to people with severe 
dementia.
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The selection of participants was performed by the clinical staff of the nursing homes 
(geriatrician and psychologist) on the basis of the clinical picture of the residents in three 
steps: (1) exclusion of residents affected by severe dementia, Parkinson’s disease, Parkinson’s 
disease dementia, and mobility issues in the upper limbs; (2) exclusion of residents affected 
by MCI and diseases other than dementia; and (3) exclusion of residents not willing to 
participate to the study or sign the informed consent3. Out of seventeen participants that 
were proposed the study, one refused to participate due a privacy issue and two dropped 
out after one session for different reasons. The first participant fell ill, the second found it 
difficult to participate to the activity due to a severe form of agitation and wandering.
The residents that were willing to participate in the study were further screened with the 
Reisberg Global Deterioration Scale (Reisberg GDS; Reisberg et al., 1982), the Mini-Examen 
Cognoscitivo (MEC, the Spanish version of the Mini-Mental State Examination; Vinyoles 
Bargalló et al., 2002), and the Neuropsychiatric Inventory – Nursing Home version (NPI-
NH; Cummings et al., 1994). The Reisberg GDS and the MEC served to assess dementia 
severity, the NPI-NH to determine whether or not the selected participants suffered from 
hallucinations and delusions. Residents with a score of 4 or 5 at the Reisberg GDS, a score 
ranging between 10 and 23 at the MEC, and a score inferior to 4 in the items delusions and 
hallucinations of the NPI-NH were included in the study.
As the focus of this dissertation is modeling the engagement of persons with dementia in 
co-activities, the 14 participants meeting the inclusion and exclusion criteria were randomly 
coupled and took part in the study in pairs. The participants in the couples did not know 
each other prior to the start of the research.
4.3 Experimental Design
The experimental study followed a repeated measures design and featured two activities 
as experimental conditions: game-based cognitive stimulation and robot-based free play. 
In the game-based cognitive stimulation, the seven couples of participants were asked to 
collaboratively complete three board games: jigsaw puzzles, shape puzzles, and a match 
with the tiles of domino. In the robot-based free play, they were asked to interact with the 
animatronic pet robot Pleo (www.pleoworld.com).
Each activity was presented in a different session and was repeated three times within the 
study, for a total of six experimental sessions per participant (42 sessions overall). Game-
3 An informative meeting was held in the nursing homes to explain the study in detail.
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based cognitive stimulation and robot-based free play were alternated in order and presented 
to participants every other week. The order of presentation of board games was randomized 
using a Latin squares technique and was always different across sessions (see Table 6).
Table 6. Overview of sessions and order of presentation of games
1st session 2nd session 3rd session 4th session 5th session 6th session
Jigsaw puzzle 1
(4-6 pcs)
Play with Pleo
Dominoes
Play with Pleo
Shape puzzle 1
(9 slots)
Play with Pleo
Jigsaw puzzle 2
(4-6 pcs)
Jigsaw puzzle 1
(4-6 pcs)
Shape puzzle 2
(8 slots, no color 
contrast)
Jigsaw puzzle 3
(6-9 pcs)
Jigsaw puzzle 2
(4-6 pcs)
Shape puzzle 3
(15 slots)
Shape puzzle 1
(9 slots)
Jigsaw puzzle 3
(6-9 pcs)
Dominoes
Shape puzzle 2
(8 slots, no color 
contrast)
Shape puzzle 1
(9 slots)
Jigsaw puzzle 1
(4-6 pcs)
Shape puzzle 3
(15 slots)
Shape puzzle 2
(8 slots, no color 
contrast)
Jigsaw puzzle 2
(4-6 pcs)
Dominoes Shape puzzle 3
(15 slots)
Jigsaw puzzle 3
(6-9 pcs)
All sessions of activities were conducted by a facilitator – one of the professionals working 
in the nursing homes (i.e., the psychologist or the social educator of the care facility) – at the 
presence of an experimenter – always the same researcher from the university. Given the 
impossibility of randomizing the variable facilitator by assigning each facilitator to always 
different couples, we controlled it and provided facilitators with scripts and guidelines to 
follow during sessions (see Appendix C).
The experimenter was present during sessions to monitor the instrumentation (i.e., 
video cameras, sensors) and check for the correct execution of the different phases of 
the experimental sessions. In order to reduce the reactivity of the participants to his/her 
presence, the experimenter took part in the activities of the nursing homes for one month 
prior to the start of the study.
4.4 Experimental Activities
The two activities that constituted the experimental conditions of the study were chosen 
as they fitted in the definition of co-activities that we provided in Chapter 3. Indeed, they 
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envisaged the presence of others (being these the other resident involved in the same 
activity and the facilitator), did not require physical effort, involved the use of tangible 
artifacts, and required a certain degree of proactivity. Besides this, game-based cognitive 
stimulation and robot-based free play were selected as they differed in a number of 
aspects. They involved: (i) different skills (cognitive vs social and emotional), (ii) different 
degrees of challenge (right or wrong activity vs failure free activity), (iii) tangible artifacts 
with different degrees of interactivity (non-animated artifacts vs animated artifacts) and 
different interactive qualities (non-social artifacts vs social artifacts). As a consequence of 
these differences, the two activities were likely to prompt engagement states with diverse 
characteristics and diverse behavioral and physiological correlates. This was of substantial 
importance as one of the objectives of the experimental study was that of testing the 
adequacy of the selected measures of engagement across distinct activities.
4.4.1 Game-based Cognitive Stimulation
The board games to complete within the game-based cognitive stimulation were jigsaw 
puzzles, shape puzzles, and a match with the tiles of domino (see Figure 5). In the jigsaw 
puzzles, the players were asked to collaboratively assembly a set of pieces in a complete 
picture, usually of an animal. In the shape puzzles, they were requested to wedge a set 
of shapes, usually in wood, in a board with a series of slots. In the match with the tiles 
of domino, the players were requested to down a numbered tile from a set of seven that 
matched the tile on the table.
Figure 5. Board games: A) jigsaw puzzles, B) shape puzzles, and C) dominoes
The jigsaw puzzles and the shape puzzles to complete were three. They were presented in 
a progressive order of difficulty, from the easiest to the most difficult, across sessions (see 
Table 6). The challenge level of jigsaw puzzles was customized according to the cognitive 
level of the participants in the couples. Couples with one or both participants with mild 
dementia completed two six-piece puzzles and one nine-piece puzzle. Couples with both 
participants with moderate dementia completed two four-piece puzzles and one six-piece 
puzzle. With regards to the dominoes, all couples played one match with dominoes.
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4.4.2 Robot-based Free Play
In the robot-based free play, the participants interacted with Pleo. Pleo is a robotic dinosaur 
developed by UGOBE which acts as a living pet (see Figure 6). It has an array of sensors 
that allow it to make sense of the surrounding environment and interact with people. For 
instance, touch sensors to discriminate among different types of touch, microphones to 
perceive sound and orientate towards it, ground foot sensors to detect surfaces, a camera-
based vision system to detect light and navigate, and an internal clock to recognize the time 
to get up, eat, or sleep. Pleo is also able to display its internal states (e.g., hunger, sleep) and 
moods (e.g., happy, scared). We chose Pleo among the available robots, because, while 
being very interactive and responsive, it featured a series of traits that are demonstrated 
to be appealing to old people (Wu et al., 2012): it is small (in relation to human size), it has 
animal-like features, and its behavior mimics that of a domestic animal (e.g., cat and dog). 
Figure 6. Pleo, overview of sensors and degrees of freedom (adapted from L-DOPA)
During sessions, participants interacted with Pleo in a spontaneous manner. However, due 
to the unstructured nature of the session, the facilitators were given a script with a list 
of activities that Pleo could support (e.g., feed Pleo, make Pleo sleep), so that they could 
prompt further interaction in case of a deadlock (see Appendix C).
4.5 Measurement Instruments
During the experimental sessions, we collected data using three types of instruments: (i) 
observational rating scales, (ii) video recordings, and (iii) wearable physiological sensors. 
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Video cameras and wearable physiological sensors provided the source of objective data 
necessary to deploy a sensible coding system of engagement-related behavior and to 
extract features from the EDA signal. Observational rating scales substituted self-reports 
as a gold standard for the testing of concurrent validity after the exploratory study (see 
Appendix B). Indeed, within this study, we noticed that self-reports entailed too much 
cognitive strain for participants and were not reliable in terms of responses. When asked 
to self-report their psychological states, participants struggled in recalling the activities 
to which they had participated. Moreover, they found it difficult to retrieve how they felt 
during them and to rank the different experiences. This result enabled us to meet the 
requirement investigate the use of self-reports. However, it also gave a negative reply to the 
first research question: Can self-reports be employed as a gold standard of engagement in 
dementia? 
4.5.1 Observational Rating Scales
The observational rating scales of engagement employed in the study were the OME and 
the OERS (see Appendix D). With regards to the former scale, we used the items attention 
(four-point Likert scale; where 1= not attentive and 4= very attentive) and attitude (seven-
point Likert scale, where 1= very negative and 7= very positive), using the latter twice, to 
obtain scores regarding the attitude of participants towards the game and the attitude 
towards the partner. Moreover, we added a further item, cognitive difficulty (five-point 
Likert scale, where 1= not at all difficult and 5= very difficult), present in further versions 
of the OME, to keep track of the level of challenge of the proposed activities. With regards 
to the OERS, we used it in its original version to rate the intensity of five affective states 
on a five-point Likert scale (where 1= never and 5= more than 5 minutes): pleasure, anger, 
anxiety/fear, sadness, and general alertness.
The choice of the items of the OME and OERS was based on the theoretical framework 
presented in Chapter 3. We employed:
1. The item attention of the OME and the item alertness of the OERS as measures of 
focused attention.
2. The item attitude toward partner of the OME to quantify rapport.
3. The item attitude toward game of the OME and the items pleasure, anger, anxiety/
fear, and sadness of the OERS to gauge the dimension valence of core affect.
The OME and the OERS were completed after each session by the facilitators. We asked 
facilitators to fill out one OME and one OERS for each of the board games in the game-
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based cognitive stimulation and one OME and one OERS for the entire session of robot-
based free play. We computed the median of the values of the three OME and three OERS 
filled out for board games and used it to perform statistical analyses.
4.5.2 Video recordings
All sessions were video recorded with two hand-held video cameras positioned one in 
front of and one on the side of participants. The video cameras were switched on as soon 
as the participants reached the activity room and were switched off once they left the 
room after the activity to go back to their units. Each session lasted around 50 minutes 
and the activities had a duration of 20-25 minutes. As a result, we collected 35 hours of 
video-footage, half of which (17.5 hours) were of activities. Albeit the presence of cameras 
might be thought of as a factor that could affect participants’ behavior, we noticed that 
participants forgot about the cameras as the activity started.
The video footage was used for two purposes: to develop and test the coding system aimed 
at measuring engagement-related behavior, but also to synchronize the EDA signal and 
identify the activity windows for feature extraction. In both occasions, we used the video 
footage of the frontal video camera and resorted to the lateral video camera as a back-up, 
in case the frontal video camera did not work or objects occluded the visibility of the scene.
4.5.3 E4 wristband
We measured EDA with the E4 wristband (see Figure 7). The E4 wristband is a wearable 
wireless multi-sensor device for real-time computerized biofeedback and data acquisition 
(Garbarino et al., 2014). It has four sensors embedded in its case: (i) a photoplethysmography 
sensor (PPG) to measure blood volume pulse and derive HR, HRV, and inter-beat interval, (ii) 
a triaxial accelerometer to capture motion-based activity and detect movement patterns, 
(iii) an infrared thermopile to gauge peripheral skin temperature, and (iv) an EDA response 
sensor to measure the electrical conductance of the skin and, consequently, psychological 
arousal. As it was not possible to deactivate any of the sensors in the E4 wristband, during 
sessions we obtained data from all of them.
The E4 wristband was selected among the available wearable physiological sensors as it 
was lightweight and unobtrusive. Moreover, it was the only device measuring EDA that did 
not entail the positioning of the electrodes on the medial or distal phalanxes. This was of 
crucial importance as it left participants free to manipulate objects during the activities 
without jeopardizing the data collection.
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Before starting the study, we performed some tests to understand whether the E4 
wristband could be accepted by participants and whether it was really as unobtrusive for 
them as we supposed. We asked few participants to wear the wristband (turned off) and 
tell us whether they found it uncomfortable and if they would wear it for longer periods. 
We explained them that the wristband was supposed to collect some physiological 
parameters, for instance their heart beat. The response to the sensor was optimal, none of 
the seniors complained about it. During data collection, we noticed that the participants 
acknowledged the presence of the sensor on their wrist at the beginning of the session. 
However, they forgot about it immediately after the baseline collection. In this sense, the 
baseline phase (i.e., listening to a fairytale, see sub-section 4.7) functioned as a distractor.
4.6 Setting
The data collection was performed directly in the nursing homes, in rooms that were usually 
allocated to recreational activities. As we collected data in two different contexts, a great 
deal of effort was put into making the locations of data collection resemble each other. A 
rectangular table was placed on one side of the room and the hand-held video cameras 
were arranged on top of mini-tripods and positioned one in front and one on the side of 
participants (see Figure 8). The frontal video camera was positioned on a small table, while 
the lateral video camera was either hidden on a library shelf or positioned on a desk.
Figure 7. E4 wristband, overview of sensors (adapted from Empatica.com)
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During activities, the participants sat on the same side of the rectangular table while the 
facilitator stood up in-between them. The central positioning of the facilitator was meant 
not to infl uence the engagement state of the participants. Indeed, in the exploratory 
study (see Appendix B), we noticed that, when the facilitator was positioned on the side 
of the participants, it involuntarily spent more time closer to one of them. This aff ected 
engagement, as it had a negative infl uence on the engagement of the furthest participant 
and a positive infl uence on the engagement of the closest one.
With regards to the experimenter, s/he was always seated on the left  of the frontal video 
camera. This way s/he could control that the main video camera was properly recording 
the session, communicate the facilitator the time progression of the session, and readily 
intervene in case of a malfunctioning of the sensors.
4.7 Procedure
The experimental sessions were divided into phases with diff erent goals. The structuring 
of the session in phases was in part inspired by the usual subdivision of activities that we 
observed during the ethnographic study (see Appendix A), in part it was a consequence of 
the testing of the procedure of data collection in the exploratory study (see Appendix B). 
Last, it was due to the necessity to synchronize EDA with the video footage and obtain an 
EDA baseline. During sessions, there were six phases: (1) a preparation phase (10 minutes), (2) 
a habituation phase (5 minutes), (3) a synchronization phase (2 minutes), (4) a baseline phase 
(5 minutes), (5) an activity phase (20-25 minutes), and (6) the end of the activity (5 minutes). 
experimenter
fa
ci
lit
at
or participant 1
participant 2
Figure 8. Activity room layout
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Figure 9. Phases of experimental session: A) habituation phase, B) baseline phase, C) and D) 
activity phase for board games, E) and F) activity phase for robot play
1. During the preparation phase, the experimenter set up the room, while the 
facilitator helped participants to reach it. Once participants reached the room, the 
experimenter switched on the video cameras.
2. During the habituation phase, the experimenter conversed shortly with the 
participants, while they sat to recover from the effort of walking to reach the room, 
then s/he helped them to wear the E4 wristband (Figure 9A).
3. During the synchronization phase, the experimenter switched on the wristbands of 
both participants and simultaneously pushed the tag buttons on top of them. This 
way the E4 produced a timestamp of the particular moment when the tag button 
was pushed which was then used for synchronization.
4. During the baseline phase, the facilitator read a fairytale (5 minutes) to the 
participants to collect the baseline of physiological data (Figure 9B).
5. During the activity phase (20-25 minutes), the participants completed the three 
board games (Figure 9C and 9D) or interacted with Pleo (Figure 9E and 9F).
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6. At the end of activity, the experimenter switched off the wristbands in front of the 
video cameras, removed them from the wrists of participants, and switched off the 
video cameras once the participants left the room. At this point, the participants 
were guided back to their units by the facilitator.
4.8 Ethical Approval
The study was conducted according to the Declaration of Helsinki and to Spanish laws 
number 159/2007 and 41/2002. An informed written consent was signed by all the legal 
guardians of participants. All participants were informed about the study and gave their 
personal consent to participate. Both the consent of the legal guardian and that of the 
participant were required to take part in the data collection.
4.9 Conclusions
In this chapter, we described the methods and procedures that allowed us to collect a 
large database of multimodal data while participants with dementia were involved in two 
playful activities: a game-based cognitive stimulation and a robot-based free play. The 
multimodal data that we collected were observational rating scales, video recordings, 
and physiological signals (for an overview of the database and missing data, see Figure 
10). Observational rating scales replaced self-reports as a form of gold standard to judge 
the concurrent validity of the yet-to-develop objective measures of engagement. Video 
recording functioned as supports to develop and test the coding system of engagement-
related behavior. Physiological signals were employed to attest whether EDA was an 
appropriate measure of engagement.
This chapter had an eminently methodological character. The next two chapters, instead, 
will have a more analytical hallmark. Within them, we will focus on the first research 
objective of the dissertation – explore and develop novel measures of engagement 
for people with dementia – and on replying to the following research questions: Which 
peripheral-physiological measures can be employed to assess engagement in people with 
dementia? Are these peripheral-physiological measures appropriate to assess engagement? 
And also which behaviors externalize engagement in people with dementia? Are these 
behaviors appropriate to measure engagement?
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5.1 Introduction
In this chapter, we concentrate on the analysis of EDA. We first highlight the research gaps 
in the state of the art regarding the measurement of the psychophysiology of engagement 
in dementia. Then, we detail: (i) the rationale that guided us in the removal of improper 
measurements from the database, (ii) the process through which we synchronized and 
labeled the signal, (iii) the methods utilized to denoise the signal and extract features from 
it, and (iv) the testing of the concurrent validity of EDA as a measure of engagement. Last, 
at the end of the chapter, we discuss the behavior of the EDA signal in the two activities 
and pinpoint which features of EDA will be introduced in the theory-driven model of 
engagement.
5.2 Research Gap
The measurement of the psychophysiology of engagement is well documented in the 
literature. However, when it comes to people with dementia, it is only rarely attempted. 
This is partially due to the objective difficulty of obtaining sound and reliable physiological 
sensors’ readings from people with dementia, but also to the fact that, in order to gather 
physiological data in this target group, scientists need to work outside the lab and develop 
dedicated protocols to collect data in the field.
Most of the studies on psychophysiology in dementia are aimed at evaluating the clinical 
benefits of robot interaction. For instance, in terms of reduction of stress levels (Wada 
and Shibata, 2008) or improvement of neuronal activity (Wada et al., 2005). These studies 
involve costly and invasive procedures, such as EEG and urinalysis. Furthermore, they 
follow pre-test/post-test designs and are hence more targeted to the assessment of the 
clinical consequences of engagement rather than to the measurement of its concomitant 
physiological correlates.
As engagement is the state of heightened attention and enjoyment experienced during 
activities, to capture its essence, we considered far preferable to collect physiology while 
the activity was taking place, rather than before and after it. Few sensing techniques are apt 
to do so. These are: (i) PPG sensors – which collect cardiac measures informative of stress 
states and autonomic activation, (ii) Facial EMG electrodes – which measure the electrical 
activity of the facial muscles activated during expressions of positive and negative affect, 
and (iii) EDA response sensors– which gauge electrical changes in the conductance of the 
skin related to sympathetic arousal. Among them, the most appropriate and less obtrusive 
measure of engagement is EDA. EDA is more reliable in terms of engagement assessment 
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with respect to cardiac measures, and more straightforward and less intrusive to gauge 
with respect to EMG.
The biggest methodological issue in collecting and analyzing EDA in dementia is the lack 
of a sufficient knowledge basis. As the only two studies that measured EDA in people with 
dementia were targeted to behavioral and functional assessment (Treusch et al., 2015; 
Alam et al., 2016), we considered EDA studies conducted with children and healthy adults 
as the closest references for our work and thus used them as a benchmark.
The analysis of EDA was performed in four phases: (i) identification and exclusion of 
invalid measurements in the database, (ii) synchronization of the EDA signal with the video 
footage for the identification and labeling of the different phases of the activity, (iii) pre-
processing of the signal and feature extraction from the activity windows, and (iv) testing 
of the concurrent validity of EDA as a measure of engagement.
5.3 Identification and Exclusion of Invalid Measurements
In order to spot invalid sessions in the database, we used a twofold approach. First, we 
wrote diaries of the experimental sessions. Second, we plotted the EDA signals gathered 
during activities. With regards to the former approach, for each experimental session, 
we noted down: (a) the date of the session, (b) the type of activity (game-based cognitive 
stimulation or robot-based free play), (c) the initials of the participants taking part in the 
session, (d) the identification number of the wristband that each of them used, (e) the 
identification number of the session, and (f) the main issues encountered during data 
collection. For instance, problems in switching on the wristband, errors in pressing the tag 
button, multiple tags, malfunctions of the wristband, or manipulations of the wristband by 
participants. This way, we had a preliminary idea of which sessions could be invalid, and 
for which reasons. With regards to the second approach, we used Matlab4 to plot the signals 
collected in each session and visually examine each of them. Artifacts in the EDA signal 
are easy to recognize, as they are evident alterations of the normal conduct of the signal. 
For instance, they contain samples with null values (i.e., zero) or sharp square-wave spikes 
(see Figure 11). Based on this double rationale, we excluded 11 sessions from the initial 
database. The final database of EDA was composed of 73 sessions of data, 33 of game-
based cognitive stimulation and 40 of robot-based free play.
4 https://nl.mathworks.com/products/matlab.html
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As a side note, we would like to notify that some of the sessions of EDA were recorded 
on the dominant wrist (13 sessions out of the 73 that were valid). This was mostly due to 
problems encountered in measuring the signal on the non-dominant side, for instance, 
bruises caused by dialysis. EDA might vary between sides with small shifts in amplitude. 
However, according to the literature, EDA asymmetry is a phenomenon mostly observable 
in long-term measurement (hours up to days; Schulter and Papousek, 1992; Picard et al., 
2016). As in our study the measurement of EDA was carried out for a short period of time, we 
did not consider the sessions collected from the dominant wrist as invalid.
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Figure 11. Example of invalid EDA signal. The vertical red lines indicate the different phases of the activity: 
tag, bb: beginning baseline, eb: end baseline, bcg: beginning cognitive games, ecg: end cognitive games, eoa: 
end of activity
5.4 Synchronization and Labeling
As a second step in the analysis, the valid EDA signals were synchronized with the video-
footage. This was to identify and label the different phases of the activity and extract features 
from the relevant windows. As described in chapter 4, each experimental session was 
composed of six phases: (1) preparation, (2) habituation, (3) synchronization, (4) baseline, 
(5) activity, and (6) end of the activity. The E4 wristband was switched on at the end of the 
habituation phase and switched off at the end of the activity. Thus, in order to proceed to 
the extraction of the EDA features, we first needed to align the timestamp of the tag with 
the corresponding moment in the video. Then, we needed to identify the boundaries of 
the baseline and activity phases. We did this with the software Kinovea5. Using the video 
as a support, we labeled the moment when the experimenter pushed the tag buttons on 
the wristbands at the beginning of the session and the moment when s/he switched off 
the wristband at the end of the session. Moreover, we labeled the beginning and the end 
of the baseline phase and the beginning and the end of the activity phase. The Kinovea 
annotation file was then imported in Matlab where the exact frame of the tag moment in 
5 https://www.kinovea.org/
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the video was paired with the timestamp in the signal (see Figure 12) and the video timeline 
was synchronized with the signal timeline. We employed the triaxial accelerometer signal 
to verify that the synchronization was performed in a correct way. With respect to the EDA 
signal, variations in the accelerometer signal are much easier to connect with events in the 
videos (e.g., raising arms). The so obtained Matlab synchronization file was then used for 
features extraction.
Figure 12. Data synchronization in Matlab
5.5 Pre-processing and Feature Extraction
EDA features were extracted from two windows: the baseline phase – w(1)– and the 
activity phase – w. These were respectively described by the following labels in the 
Matlab synchronization file: (1) beginning and end of the baseline phase (bb= beginning 
baseline, eb= end baseline) and (2) beginning and end of the activity phase (bcg= beginning 
cognitive games, ecg= end cognitive games; bri= beginning robot interaction, eri= end 
robot interaction). Before the extraction of features, the EDA signal was normalized and 
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denoised with a second order Butterworth low-pass filter with a cutoff frequency of 0.05 Hz 
(see Figure 13). The shorter windows between the start of recording and the beginning of 
the baseline phase (bb, see Figure 13), between the end of the baseline phase (eb) and the 
beginning of the activity phase (bcg), and between the end of the activity phase (ecg) and 
the end of the session (eoa) were excluded from the analysis.
The set of features to extract was compiled based on previous literature (Henriques et al., 
2013; Leite et al., 2013). In order to take into account the baseline state of the person with 
dementia in the calculation of the EDA, the values of the features extracted during baseline 
were subtracted from those of the features extracted during the activity phase. The feature 
notation in Table 7 was constructed in the following way. The set of samples  was recorded 
in a window of time  defined by the beginning and the end of an activity (game-based 
cognitive stimulation or robot-based free play). The Short Fast Fourier Transform of this 
sample set was formed by  through (1):
(1)
where . is a set of N complex numbers that represents the amplitude and 
phase of a harmonic. With regards to Npeaks, we denoted it as the number of significant 
local maxima found in SW. NPRW is defined as Npeaks(SW) divided by the length of SW.
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Figure 13. Filtering of EDA signal. In the top plot, the signal without normalization and filtering. In the 
bottom plot, the signal normalized and denoised
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 Table 7. Set of EDA features and corresponding equationsT le . et f EDA features and corresponding equations 
FEATURE EQUATION 
SMA EDAa ∑ 𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖
𝑊𝑊𝑊𝑊𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖=1 -∑ 𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑊𝑊𝑊𝑊(1)𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖=1  
MEAN EDAb 𝑠𝑠𝑠𝑠𝑊𝑊𝑊𝑊 − ?̅?𝑠𝑠𝑠𝑊𝑊𝑊𝑊(1),𝑤𝑤𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 ?̅?𝑠𝑠𝑠𝑊𝑊𝑊𝑊 = 1
𝑁𝑁𝑁𝑁
� 𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖
𝑤𝑤𝑤𝑤
𝑁𝑁𝑁𝑁
𝑖𝑖𝑖𝑖=1
 
STD EDAc 𝜎𝜎𝜎𝜎𝑠𝑠𝑠𝑠𝑊𝑊𝑊𝑊 − 𝜎𝜎𝜎𝜎𝑠𝑠𝑠𝑠𝑊𝑊𝑊𝑊(1),𝑤𝑤𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝜎𝜎𝜎𝜎𝑠𝑠𝑠𝑠𝑊𝑊𝑊𝑊=�1
𝑁𝑁𝑁𝑁
∑ �𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖
𝑊𝑊𝑊𝑊 − ?̅?𝑠𝑠𝑠𝑊𝑊𝑊𝑊�
2𝑁𝑁𝑁𝑁
𝑖𝑖𝑖𝑖=1  
RNG EDAd 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅
(𝑠𝑠𝑠𝑠𝑊𝑊𝑊𝑊) − 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅�𝑠𝑠𝑠𝑠𝑊𝑊𝑊𝑊(1)�,𝑤𝑤𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅(𝑠𝑠𝑠𝑠𝑊𝑊𝑊𝑊)= 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚(𝑠𝑠𝑠𝑠𝑊𝑊𝑊𝑊) −𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑅𝑅𝑅𝑅(𝑠𝑠𝑠𝑠𝑊𝑊𝑊𝑊) 
SUM H EDAe � 𝑆𝑆𝑆𝑆i
𝑊𝑊𝑊𝑊
𝑁𝑁𝑁𝑁
𝑖𝑖𝑖𝑖=1
 
NPR EDAf 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑅𝑅𝑅𝑅𝑊𝑊𝑊𝑊 − 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑅𝑅𝑅𝑅𝑊𝑊𝑊𝑊(1) 
KURT EDAg 𝛿𝛿𝛿𝛿𝑠𝑠𝑠𝑠𝑊𝑊𝑊𝑊 − 𝛿𝛿𝛿𝛿𝑠𝑠𝑠𝑠
𝑊𝑊𝑊𝑊(1),𝑤𝑤𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝛿𝛿𝛿𝛿𝑧𝑧𝑧𝑧𝑊𝑊𝑊𝑊 = Ε ���𝑆𝑆𝑆𝑆1,𝑁𝑁𝑁𝑁𝑊𝑊𝑊𝑊 �𝑖𝑖𝑖𝑖 − �𝑆𝑆𝑆𝑆1̅,𝑁𝑁𝑁𝑁𝑊𝑊𝑊𝑊 ��4�
�Ε ���𝑆𝑆𝑆𝑆1,𝑁𝑁𝑁𝑁𝑊𝑊𝑊𝑊 �𝑖𝑖𝑖𝑖 − �𝑆𝑆𝑆𝑆1̅,𝑁𝑁𝑁𝑁𝑊𝑊𝑊𝑊 ��3��2 
SKEW EDAh 𝛾𝛾𝛾𝛾𝑠𝑠𝑠𝑠𝑊𝑊𝑊𝑊 − 𝛾𝛾𝛾𝛾𝑠𝑠𝑠𝑠
𝑤𝑤𝑤𝑤(1),𝑤𝑤𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝛾𝛾𝛾𝛾𝑠𝑠𝑠𝑠𝑊𝑊𝑊𝑊 = Ε ���𝑆𝑆𝑆𝑆1,𝑁𝑁𝑁𝑁𝑊𝑊𝑊𝑊 �𝑖𝑖𝑖𝑖 − �𝑆𝑆𝑆𝑆1̅,𝑁𝑁𝑁𝑁𝑊𝑊𝑊𝑊 �
𝜎𝜎𝜎𝜎��𝑆𝑆𝑆𝑆1,N𝑊𝑊𝑊𝑊 �� �
3
� 
 
a. SMA EDA= difference of signal magnitude area of EDA in w and w(1) 
b. MEAN EDA= difference of mean of EDA in w and w(1) 
c. STD EDA= difference of standard deviation of EDA in w and w(1) 
d. RNG EDA= difference of range of EDA in w and w(1) 
e. SUM H EDA= difference of summation of harmonics of EDA in w and w(1) 
f. NPR EDA= difference of number of peaks ratio of EDA in w and w(1)  
g. KURT EDA= difference of kurtosis of EDA in w and w(1) 
h. SKEW EDA= difference of skewness of EDA in w and w(1) 
 
5.6 Concurrent Validity
Concurrent validity is the extent to which the scores of a new measure are related to the 
scores of a criterion measure administered at the same time and is tested with a correlation 
statistic (Mislevy and Rupp, 2010). In order to determine the concurrent validity of EDA, we 
extracted the EDA features from all the valid sessions in the database. Then, we performed 
a Spearman rank correlation (one-tailed, listwise exclusion of cases, NGBCS= 33; NRBFP= 40) 
between the features of EDA and the items of the OME and OERS (see Tables 8 and 9). 
In this context, it is important to underline that: (1) EDA and the OME and OERS refer to 
different response systems, respectively the peripheral-physiological and the behavioral/
expressive, (2) the OME and OERS assess focused attention, rapport, and valence while 
EDA measures arousal, (3) arousal changes as a result of focused attention, rapport, and 
valence, but it is not a direct measure of focused attention, rapport, and valence, and (4) EDA 
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Table 8. Concurrent validity of EDA for game-based cognitive stimulation: correlation tested (in bold the 
significant ones: *≤.05, **<.01, ***<.001)
GAME-BASED COGNITIVE STIMULATION
CORRELATION
OME & OERS/ EDA*
SMA 
EDA
MEAN 
EDA
STD 
EDA
RNG 
EDA
SUMM H 
EDA
NPR 
EDA
KURT 
EDA
SKEW 
EDA
Attention r(s) .007 .080 .008 .016 .104 -.063 -.177 -.161
p-value .485 .329 .483 .464 .283 .363 .162 .186
Attitude game r(s) .025 -.151 -.017 .097 -.032 -.263 -.054 -.059
p-value .445 .201 .463 .295 .430 .070 .382 .371
Attitude partner r(s) .021 -.029 .038 .083 .045 -.086 -.141 -.158
p-value .454 .437 .417 .324 .402 .317 .216 .190
Cognitive difficulty r(s) .277 -.140 -.277 -.210 -.168 .145 -.268 -.287
p-value .060 .219 .059 .120 .176 .211 .065 .053
Pleasure r(s) .159 .079 .221 .291 .128 .041 -.062 -.077
p-value .189 .331 .109 *.050 .240 .411 .366 .335
Anger r(s) .074 .111 .241 .186 .037 .223 -.056 -.074
p-value .341 .269 .088 .150 .419 .106 .379 .341
Alertness r(s) -.080 -.018 -.089 -.036 -.080 -.195 .302 .302
p-value .329 .461 .312 .422 .329 .138 *.044 *.044
*The items anxiety/fear and sadness of the OERS did not yield any result, hence they do not appear in the list
Table 9. Concurrent validity of EDA for robot-based free play: correlations tested (in bold the significant 
ones: *≤.05, **<.01, ***<.001)
ROBOT-BASED FREE PLAY
CORRELATION
OME & OERS/ EDA*
SMA
EDA
MEAN
EDA
STD
EDA
RNG
EDA
SUMM H
EDA
NPR
EDA
KURT
EDA
SKEW
EDA
Attention r(s) .005 -.054 -.108 -.179 -.064 -.071 -.272 -.293
p-value .487 .373 .256 .137 .350 .334 *.047 *.035
Attitude game r(s) .304 -.125 -.178 -.117 -.004 .234 -.272 -.281
p-value *.030 .224 .139 .239 .490 .075 *.047 *.042
Attitude partner r(s) .155 -.419 -.300 -.265 -.236 .064 -.134 -.161
p-value .174 **.004 *.032 .052 .074 .350 .207 .163
Pleasure r(s) .363 .153 .039 .051 .177 .306 -.214 -.220
p-value *.012 .176 .408 .379 .141 *.029 .096 .089
Anger r(s) -.012 -.303 -.240 -.190 -.232 .168 -.049 .001
p-value .471 *.031 .071 .124 .078 .153 .384 .497
Anxiety/Fear r(s) -.014 -.067 .117 .091 .005 .090 .278 .236
p-value .466 .343 .238 .291 .488 .292 *.044 .074
Sadness r(s) .084 -.341 -.227 -.136 -.207 .169 -.247 -.187
p-value .305 *.017 .083 .204 .103 .152 .065 .127
Alertness r(s) .176 .018 -.055 -.061 .123 -.034 .017 -.022
p-value .142 .458 .369 .356 .228 .419 .459 .447
*The item cognitive difficulty of the OME did not yield any result, hence it does not appear in the list
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is a continuous measure, while the OME and OERS are ordinal scales. In the game-based 
cognitive stimulation:
1. The item pleasure of the OERS was positively correlated with RNG EDA (rs(31)= .291, 
p= .050).
2. The item alertness of the OERS was positively correlated with KURT EDA (rs(31)= 
.302, p= .044) and SKEW EDA (rs(31)= .302, p= .044).
In the robot-based free play: 
1. The item attention of the OME was negatively correlated with KURT EDA (rs(38)= 
-.272, p= .047) and SKEW EDA (rs(38)= -.293, p= .035). 
2. The item attitude toward the game of the OME was positively correlated with SMA 
EDA (rs(38)= .304, p= .030) and negatively correlated with KURT EDA (rs(38)= -.272, 
p= .047) and SKEW EDA (rs(38)= -.281, p= .042). 
3. The item attitude towards the partner of the OME was negatively correlated with 
MEAN EDA (rs(38)= -.419, p= .004) and STD EDA (rs(38)= -.300, p= .032). 
4. The item pleasure of the OERS was positively correlated with SMA EDA (rs(38)= 
.363, p= .012) and NPR EDA (rs(38)= .306, p= .029).
We found three additional significant correlations in the robot-based free play. As these 
involved the items anger, anxiety/fear, and sadness, we excluded them due to the scarce 
variability of these items throughout the whole dataset.
5.7 Discussion
5.7.1 Research Questions
The analysis of EDA enabled us to reply to the research questions: which peripheral-
physiological measures can we employ to assess engagement in people with dementia? Are 
these peripheral-physiological measures appropriate to assess engagement? The analysis 
of concurrent validity revealed a weak to adequate strength of correlation between the 
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features of EDA and the items of the OME and OERS. The number of correlations steeply 
diverged across activities. In the game-based cognitive stimulation, the number of 
correlations was rather modest and quite weak in strength, while in the robot-based free 
play, the correlations were higher in number and more robust. Given the premises we made, 
we did not consider this difference in the results alarming. In this consideration, we took 
into account also the fact that the sample size of game-based cognitive stimulation was 
much lower than the one of robot-based free play and that there was much less variability 
in the items of the OME and OERS collected during game-based cognitive stimulation with 
respect to those collected during robot-based free play.
The assessment of EDA also satisfied one of the requirements for a proper measurement 
framework of engagement in dementia: Explore the measurement of the physiology of 
engagement in the field with unobtrusive sensors. EDA brings about several advantages to 
the measurement of engagement: (i) it gives a quick and easy to understand overview of 
the arousal levels during the activity, (ii) it is unobtrusive to measure, and (iii) it deepens the 
knowledge drawn from behavior with another layer of meaning (see Figure 14).
5.7.2 Dynamics of Psychophysiology
The correlations with the OME and OERS did not just provide information on the concurrent 
validity of EDA, but also disclosed some important dynamics in the behavior of the 
signal during activities. For instance, during game-based cognitive stimulation, KURT 
EDA and SKEW EDA increased with the increase of alertness. Conversely, in robot-based 
free play, they decreased with the increase of attention. Albeit provided with different 
shades of meaning, attention and alertness are considered gold standard measures of 
the same component of engagement: focused attention. What these correlations tell us 
is that the EDA elicited by focused attention differs across activities in terms of frequency 
distribution. In the game-based cognitive stimulation, focused attention (i.e., alertness) 
is characterized by an EDA with a lower frequency (higher skewness) and a more defined 
peak of the frequency distribution (higher kurtosis). In the robot-based free play, instead, 
it (i.e., attention) is characterized by an EDA with a higher frequency (lower skewness) 
and a less defined peak of the frequency distribution (lower kurtosis). These differences 
in the physiological correlates of focused attention might be due to the different types of 
attention elicited by the two activities: one strictly cognitive, the other more social and 
affective.
The changes in EDA seemed to capture also the affective component of engagement, 
especially in robot-based free play. Indeed, both the tonic (i.e., the slower acting 
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components of the EDA signal) and the phasic components of EDA (i.e., the faster changing 
peaks of the EDA signal, Braithwaite et al., 2013) increased as a result of positively-valenced 
affective states. In the game-based cognitive stimulation, the variation mainly involved the 
tonic component of EDA, while in the robot-based free play, the phasic component seemed 
to have a more significant role. With regards to rapport, we found significant relationships 
with the gold standard just in the robot-based free play. In this case, the betterment of the 
attitude of participants towards their partners was accompanied by a reduction in the tonic 
EDA. This result is somewhat counterintuitive. However, it can be explained with the fact 
that, in the robot-based free play, the participants focused on their partners specifically 
when these were interacting with the robot (see Figure 14). As the arousing element of the 
activity was the robot, when this was brought afar, the slope of EDA went down.
5.7.3 Selection of EDA Features
As a result of these analyses and of their discussion, we decided to exclude KURT EDA 
and SKEW EDA from the list of EDA features to be included in the theory-driven model of 
engagement. Indeed, albeit KURT EDA and SKEW EDA appear to have a high discriminating 
power – as they can differentiate between different types of attention – they cannot be 
used to measure engagement across activities, as their results are extremely conflicting. 
The remaining EDA features were divided into two categories: tonic EDA and phasic EDA 
(see Table 10).
Table 10. EDA features included in the theory-driven model of engagement
ENGAGEMENT-RELATED PHYSIOLOGY
AROUSAL
TONIC EDA PHASIC EDA EXCLUDED: FREQ. DISTRIBUTION
MEAN EDA SMA EDA KURT EDA
STD EDA NPR EDA SKEW EDA
RNG EDA
SUM H EDA
As a side note to these results, we would like to underline that, albeit significantly correlated 
with most of the items of the OME and OERS, EDA is not a direct measure of the observable 
engagement components which are measured by the OME and OERS, but a measure of a 
physiological component – arousal – which is supposed to change as a result of focused 
attention, valence, and rapport.
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Figure 14. Chronology of an EDA session. Progression of EDA of the participant on the right during a session 
of robot-based free play. To read from left to right, and from top to bottom
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5.8 Conclusions
This chapter focused on the analysis of EDA and on its adequacy as a measure of 
engagement. It first outlined the process of synchronization and labeling of the EDA signal. 
Then, it discussed the pre-processing of the signal and detailed the methods of feature 
extraction. Last, it presented and discussed the results of concurrent validity. 
The exploration of EDA as a measure of engagement allowed us to satisfy one of the 
requirements of this dissertation – explore the measurement of the psychophysiology of 
engagement with unobtrusive sensors – and deploy a set of engagement-correlated EDA 
features to include in the theory-driven model of engagement. Also, it revealed that the 
measurement of engagement on a peripheral-physiological level is as feasible in people 
with dementia as it is in healthy subjects. In the next chapter, we concentrate on yet 
another level of measurement – the behavioral/expressive – and develop a coding system 
to measure engagement-related behavior in people with dementia. The outcomes of the 
present chapter and of the next one will converge into the definitive version of the theory-
driven model of engagement.
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6.1 Introduction
This chapter focuses on the development of the coding system aimed at measuring 
engagement-related behavior and on the testing of its inter-rater reliability (IRR) and 
concurrent validity. In the first part of the chapter, we outline the methodological pitfalls of 
the existing behavioral/expressive assessment techniques of engagement for dementia and 
identify a mixed approach to address them. In the second part of the chapter, we explain 
the process of development of the coding system from the observation of the videos in the 
database to their annotation. In the third part of the chapter, we present the results of the 
IRR and concurrent validity tests performed on the coding system. Last, at the end of the 
chapter, we discuss these results and define which behaviors of the coding system will be 
employed to assess focused attention, rapport, and valence in the theory-driven model of 
engagement.
6.2 Methodological Issue
From the review of the literature on the behavioral/expressive measures of engagement, 
it emerged that the measurement of engagement through behavior in dementia, albeit 
very extensive, is far from providing conclusive results. The available assessment 
techniques either break down behavior into many small pieces – each given a specific 
engagement meaning – or assemble behaviors into broad engagement classes measured 
along categorical scales. Either way, they never describe behavior in its simultaneous 
multimodality, as a configuration of actions happening at the same time.
One of the requirements to properly measure engagement through behavior in dementia is 
to develop a measurement system that describes behavior in its parts, but also as a whole-
body dynamic. In order to pursue this objective, we adopted two different approaches 
to the description of behavior – Ethography and Laban-Movement Analysis (LMA; Laban, 
1966) – and combined them with the intelligent use of the available software for video 
annotation.
Ethography refers to the description and assessment of behavior through ethograms. 
As an approach, it stems from Ethology and aims at measuring behavior through direct 
observation, rigorous description, and objective analysis. LMA, instead, is a holistic 
framework that provides a vocabulary to describe and interpret movement (Bartenieff and 
Lewis, 2002). As an approach, it is more focused on how movement naturally occurs, how it 
relates to the outer environment, and what it expresses.
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LMA is organized into four main categories, each describing a different facet of movement: 
body – the elements of the body structure and their connection in movement (Maletic, 
1987), space – the mapping of the body structure in relation to the environment, effort 
– the qualities of movement (Bradley, 2008), and shape – the changes in the body shape
that express attitudes towards the environment (Wile and Cook, 2010). For the sake of this 
research, we mainly focused on the category shape, this was the most appropriate category 
to describe engagement-related behavior as it provided a reference framework describing 
how we as humans shape our bodies to interact with the environment. There are three 
distinctions in the category shape, also referred to as modes of shape change: shape flow 
– changes in the shape of the body in relation to the self, directional shape – goal-oriented 
changes of the body shape in relation to the others and the environment, and shaping – 
molding and carving of the body in interaction with the others and the environment.
We employed:  (i) Ethography  to  describe behavior  in  its  minute parts,  (ii)  LMA –  in  the 
formalization of the modes of shape change – to identify the underlying structure of 
behavior and create a coding system workable across activities, and (iii) Observer XT to 
measure behavior in its parts, while at the same time giving an overview of its simultaneous 
multimodal arrangement.
6.3 Construction of the Coding System
The coding system of engagement-related behavior was built in 18 months by a 
multidisciplinary research team which included a certified movement analyst (CMA). The 
development of the coding system consisted of two phases: description and structuring. 
In the descriptive phase, we adopted an ethographic approach similar to that of Jones et 
al. (2015), Olsen et al. (2016), and Jøranson et al. (2016) and developed two ethograms, one 
per activity. In the structuring phase, we employed LMA to sort out the complexity of the 
two ethograms by identifying shape commonalities in the behaviors displayed in the two 
activities and combine them into a unique coding system.
6.3.1 Note on the Video Recordings
To develop the coding system of engagement, the original videos were cut from the 
beginning to the end of the activity phase. We considered the moment when the facilitator 
placed the first board game or Pleo on the table in front of the participants as the beginning 
of the activity phase and the moment when s/he removed the last board game or Pleo 
from the table as the end of the activity phase. The database of videos was composed of 
42 sessions of play of the duration of 20–25min (~ 17.5 h of video footage). The database 
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of videos was split in two parts. Thirty videos were used to develop the ethograms and 
structure them in a coding system (15 videos per activity type). Twelve videos (six videos 
per activity type) were used to test the IRR of the coding system.
6.3.2 Ethographic Approach: Development of the Ethograms 
In order to develop the two ethograms, we first watched the 30 videos allocated to the 
construction of the coding system (30 sessions: 15 of game-based cognitive stimulation, 
15 of robot-based free play). Then, we described each video in a separate file by detailing 
the main events and behaviors in chronological order (Martin and Bateson, 2007). Last, 
we watched each video at a slow speed, stopped it whenever we identified a relevant 
micro-behavior, and gave a name and an operational description to each micro-behavior. 
Dautenhahn and Werry (2002) defined micro-behaviors as well-identifiable low-level 
action-movement-oriented behaviors recognizable by computational systems.
Before proceeding to the structuring phase, we polished the two ethograms by removing 
those micro-behaviors that had an ambiguous meaning. We removed manipulators (e.g., 
scratching the chin or the scalp), adjustments (e.g., adjusting spectacles, watch, bracelets, 
earrings, clothes; see participant on the left in Figure 15), and vocalizations (e.g., sighing and 
singing). These micro-behaviors occurred several times in the sessions with contrasting 
meanings. The lack of a univocal meaning made it hard to figure out the contribution of 
these micro-behaviors to the assessment of engagement and brought us to their exclusion 
from the ethograms.
Figure 15. Example of adjustment: the participant on the left is adjusting her spectacles after they fell. In 
this case, the adjustment does not have any ulterior meaning. However, in some cases, it might signal a sense 
of discomfort of the participant
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We also excluded verbal behavior from the ethograms. This decision was made with our 
target group in mind. Although the participants to this study had their language skills still 
preserved, most people with dementia do not (Thompson, 1987; Klimova and Kuca, 2016). 
In order for the coding system to be generalizable to other dementia groups (i.e., people 
with severe dementia), it is of crucial importance to make meaning of engagement without 
being dependent on language production.
As a last step, we discarded the head gestures nodding, negation, and head protruding. 
Also, we ruled out co-speech gestures (i.e., hand and arm movements that accompany 
spoken language such as saying no with the index finger of the hand). These were hard to 
relate to a specific element in the activity without resorting to language.
6.3.3 Laban-Inspired Approach: Structuring of the Ethograms
As a first step in the structuring of the two ethograms into a unique coding system, we 
stated the body portion involvement. We did so by making reference to the micro-behaviors 
in the two ethograms. In LMA, the body portion involvement refers to which body parts 
are activated during movement (Hackney, 2002). The body parts involved in a movement 
might be body areas (i.e., head, torso, chest and pelvis), limbs (i.e., arms, hands, legs, feet), 
joints (e.g., shoulders, elbow, wrists), and body quadrants (i.e., right upper, left upper, right 
lower, left lower). The micro-behaviors in the ethograms involved two body areas – head 
and torso – and two limbs – arms and hands. Given that there were no specific behaviors 
in the ethograms involving exclusively the arms or the hands, we decided to group the two 
limbs in a single category. As a result, the body portion involvement of both the ethograms 
consisted of three body parts: head, torso, and arms/hands. We grouped the micro-
behaviors in the two ethograms according to the body part – or behavioral modality – they 
involved.
As a second step of the structuring, we identified those micro-behaviors expressing a 
directional shape of the body parts (i.e., head, torso, and arms/hands) and organized 
them based on their target in space. Taking the perspective of one of the participants, we 
identified five foci of the activities: the partner, the facilitator, the experimenter, the game 
(i.e., the board games or Pleo), and none of them.
As a concluding step in the structuring of the ethograms, we studied the remaining micro-
behaviors. We noticed that some of them expressed a directional shape with shaping 
support, while others a shape flow occurring simultaneously with a directional shape. These 
micro-behaviors could be seen as traits superimposed on or enriching the directional shape 
behaviors. They carried an additional item of meaning in terms of engagement. Indeed, they 
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all described the affective attitude of the participant – either positive or negative – towards 
the foci of the activity. We grouped these micro-behaviors according to their meaning in 
terms of affect: positive or negative. The affective micro-behaviors involving the head were 
grouped under the label gestural support, those involving the torso were nested under the 
label postural support, and, last, the affective micro-behaviors of the arms/hands under the 
label quality of gesture. The result of the structuring phase is presented in Table 11.
6.4 The Coding System
In this section, we describe how we transposed the structure of the ethograms (body 
portion involvement, directional shape, shape flow, and shaping) back to a coding scheme 
that could be scored using the software Noldus Observer XT 10.556 (see Table 11).
Observer XT gives the possibility to define clusters of behaviors, also called behavior 
groups. In our case, we defined three behavior groups corresponding to the body parts 
involved in the activities: head, torso, and arms/hands. The behaviors in each group were 
the directional shape micro-behaviors that shared the same focus in the activity (the 
partner, the facilitator/experimenter, the game, or none of them). 
In order to include in the coding system also the shape flow and shaping micro-behaviors 
expressing affect, we resorted to one of the features of Observer XT: the possibility to add 
modifiers to the behaviors in the behavior groups. Modifiers are specifications regarding 
a behavior that describe it more precisely or limit its scope. In this case, they specified 
whether the scored behaviors had a positive, neutral, or negative affective nuance (e.g., 
stroking the robot) or appeared together with other behaviors involving the same body 
part expressing a positive, neutral, or negative affective nuance (e.g., gaze toward game 
and smile).
The final coding system obtained through this process – which we called the Ethographic 
and Laban-Inspired Coding System of Engagement (ELICSE) – is thoroughly described in the 
Tables E1, E2, and E3 in Appendix E and in the screenshot in Figure 16.
6 https://www.noldus.com/human-behavior-research/products/the-observer-xt
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Table 11. The coding system (for the operational descriptions, see Appendix E)
HEAD BEHAVIORS (directional) MODIFIERS (shape flow and shaping) – gestural support
GAZE TOWARD PARTNER (GP) positive gestural support (GP_pos)
no gestural support (GP_no)
negative gestural support (GP_neg)
GAZE TOWARD FACILITATOR/
EXPERIMENTER (GFE)
positive gestural support (GFE_pos)
no gestural support (GFE_no)
negative gestural support (GFE_neg)
GAZE TOWARD GAME (GG) positive gestural support (GG_pos)
no gestural support (GG_no)
negative gestural support (GG_neg)
NONE OF THE TARGET HEAD 
MOVEMENTS (NoH)
positive gestural support (NoH_pos)
no gestural support (NoH_no)
negative gestural support (NoH_neg)
TORSO BEHAVIORS (directional) MODIFIERS (shape flow and shaping) – postural support
LEAN IN PARTNER (LIP) positive postural support (LIP_pos)
no postural support (LIP_no)
negative postural support (LIP_neg)
NEAR REACH/LEAN TOWARD THE GAME 
(NRLTG)
positive postural support (NRLTG_pos)
no postural support (NRLTG_no)
negative postural support (NRLTG_neg)
NONE OF THE TARGET TORSO 
MOVEMENTS (NoT)
(none)
ARMS/HANDS BEHAVIORS (directional) MODIFIERS (shape flow and shaping) – quality of 
gesture
REACH OUT PARTNER (RoP) positive quality of gesture (RoP_pos)
no quality of gesture (RoP_no)
negative quality of gesture (RoP_neg)
REACH OUT FACILITATOR/EXPERIMENTER 
(RoFE)
positive quality of gesture (RoFE_pos)
no quality of gesture (RoFE_no)
negative quality of gesture (RoFE_neg)
MANIPULATE GAME (MG) positive quality of gesture (MG_pos)
no quality of gesture (MG_no)
negative quality of gesture (MG_neg)
POSITIVE SIGNS OF AFFECTION 
INVOLVING ARMS/HANDS (SOA_pos)
(none)
NEGATIVE SIGNS OF AFFECTION 
INVOLVING ARMS/HANDS (SOA_neg)
(none)
NONE OF THE TARGET ARMS/HANDS 
MOVEMENTS (NoAH)
(none) 
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Figure 16. Coding system in Observer XT
6.4.1 Advantages of the Coding System
The behaviors in each behavior group were scored as mutually exclusive with a continuous 
sampling technique. This entailed that for each participant in each session of activity, we 
generated six timelines of behavior: a timeline for head behaviors, one for torso behaviors, 
and one for arms/hands behaviors (see Figure 17), a timeline for gestural support, one for 
postural support, and one for quality of gesture.
The added value of this coding system resides in its ability to measure behavior in its parts 
– as the overall duration of single behaviors – but also in its progression – as the succession 
of different body configurations. Indeed, if we slice the six timelines at a certain point in 
time, we get a picture of the body configuration of the participant at that precise moment. 
As an example, in the case of the participant on the left in Figure 18, the body configuration 
is the following: gaze toward the partner with no gestural support, none of the target torso 
movements, and none of the target arms/hands movements; whereas for the participant 
on the right, it is: gaze toward game with positive gestural support, near reach/lean toward 
game with positive postural support, and manipulate game with positive quality of gesture. 
We hypothesize that these body configurations can be used to infer different levels of 
engagement intensity.
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Figure 17. Scoring of ELICSE. The fragments of the three timelines of head, torso, and arms/hands behaviors
Figure 18. Examples of different body configurations. Participant on the left: gaze toward partner (with 
no gestural support), none of the torso movements, none of the arms/hands movements; participant on 
the right: gaze toward game (with positive gestural support), near reach/lean toward game (with positive 
postural support), and manipulate game (with positive quality of gesture)
6.5 Inter-rater Reliability
The IRR of the coding system was performed on twelve videos (29% of the database). The 
videos were scored by two coders: the researcher involved in the study (GP) and an external 
independent coder that had not been involved in the study (TvT).
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IRR between coders was calculated using the software Observer XT 10.5 with the Cohen’s 
kappa statistic (Cohen, 1960). Observer XT calculates IRR by taking into account both 
the matching between the behaviors scored by the two coders and their overlap in time. 
We computed the global Cohen’s kappa of the coding system, the Cohen’s kappa of the 
behavior groups, and the Cohen’s kappa of single behaviors. With regards to the latter, 
we included in the calculation of the IRR only behaviors with a mean duration higher that 
1% of the session. Indeed, the Cohen’s kappa statistic is not accurate with very infrequent 
behaviors. We report kappa coefficients of behaviors occurring less than 5% of the time. 
However, we suggest to interpret them with caution (Dael et al., 2012).
Table 12. Inter-rater reliability results
 GAME-BASED COGNITIVE STIMULATION ROBOT-BASED FREE PLAY
Behavior Duration (%) Reliability Duration (%) Reliability
Mean Min Max Prop. Kappa Mean Min Max Prop. Kappa
GP 2.19 .24 5.60 .83 .70 13.70 3.16 22.41 .82 .69
GFE 5.31 1.79 12.24 .83 .71 4.48 .42 12.29 .75 .59
GG 88.46 81.86 92.19 .87 .78 73.30 59.26 96.16 .81 .70
NoH 4.04 2.27 6.65 .76 .59 8.52 .27 15.69 .67 .46
HEAD 100.00   .81 .76 100.00   .76 .70
LIP .03 .00 .23 - - .42 .00 3.48 - -
NRLTG 58.96 10.58 100.00 .87 .76 41.67 6.80 100.00 .81 .71
NoT 41.01 .00 89.43 .87 .75 57.91 .00 93.21 .89 .79
TORSO 100.00   .87 .74 100.00   .82 .73
RoP .67 .00 2.89 - - .41 .00 1.31 - -
RoFE .06 .00 .43 - - .11 .00 .32 - -
MG 64.13 49.94 75.97 .77 .59 45.03 6.49 84.33 .80 .70
SOA_pos .16 .00 1.57 - - .18 .00 1.72 - -
NoAH 34.98 23.94 47.18 .82 .67 54.27 15.09 92.21 .88 .77
ARMS/
HANDS 
100.00   .77 .63 100.00   .79 .71
ELISCE 100.00   .80 .78 100.00   .77 .74
(-) The duration of the behavior is too short to allow interpretation. The results of inter-rater reliability for the behavior 
negative signs of affection of the torso (SOA_neg) are not reported as they did not occur in the 12 videos. For the abbreviations 
in the table, refer to the coding system in Table 11
To evaluate the results of IRR, we referred to the thresholds set by Fleiss (1981) and Bakeman 
and Gottman (1987). Fleiss suggested that a kappa between .40 and .60 represented a fair 
agreement, between .60 and .75 a good agreement, and above .75 an excellent agreement. 
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Bakeman and Gottman (1987) considered a kappa coefficient lower than .70 as insufficient, 
and proposed to interpret it with suspicion.
We report the results of the IRR in Table 12. With regards to the global IRR, this proved 
to be excellent for the game-based cognitive stimulation (kappa= .78) and very good 
for the robot-based free play (kappa= .74). As for behavior groups, IRR was excellent for 
head behaviors in the game-based cognitive stimulation (kappa= .76) and good for head 
behaviors in the robot-based free play (kappa= .70), very good for torso behaviors in both 
game-based cognitive stimulation (kappa= .74) and robot-based free play (kappa= .73) 
and good for arms/hands behaviors in game-based cognitive stimulation (kappa= .63) and 
robot-based free play (kappa= .71).
With regards to single behaviors, IRR was good to excellent for most of them. However, for 
some of them it could not be scored due to a frequency issue (< 1%) and for few of them 
it achieved unsatisfying results. We explained the unsatisfying kappa coefficients of none 
of the target head movements in the game-based cognitive stimulation and of gaze toward 
facilitator/experimenter in the robot-based free play with their low occurrence (< 5%). With 
regards to the low agreement of none of the target head movements during robot-based 
free play, it could be due to the sharp differences in the frequency of the behavior across 
participants (from .27% to 15.69%). For what regards manipulate game in cognitive games, 
the moderate agreement could not be justified by appealing to a frequency issue. In this 
case, the disagreement was due to an incorrect classification of the behavior by the coders.
6.6 Concurrent Validity
In order to ascertain the concurrent validity of the ELICSE, we scored all the videos in 
the database (42 videos, two participants per video) and calculated the percentage of 
behavior duration in the observation for each behavior and modifier (for an overview of 
the percentage of duration of behaviors and modifiers in the two activities, see Figure 
19). Then, we performed a Spearman rank correlation (one-tailed, listwise exclusion of 
cases, NGBCS= 42, NRBFP= 41) between the percentage of behavior duration of each behavior 
and modifier in the ELICSE and the items of the OME and OERS. This was to ascertain the 
strength of correlation between the new measure and the criterion measure (Mislevy and 
Rupp, 2010). The modifiers belonging to each body part (head: gestural support, torso: 
postural support, and arms/hands: quality of gesture) expressing the same valence were 
summed to each other (positive or negative gestural support, positive or negative postural 
support, positive or negative quality of gesture), whereas the behaviors were left in their 
original form.
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Figure 19. Boxplots of percentages of behavior and modifi ers duration. For the abbreviations in the top 
fi gure, please refer to Table 11. GestSup+: positive gestural support, GestSup-: negative gestural support, 
PostSup+: positive postural support, PostSup-: negative postural support, QoGest+: positive quality of 
gesture, and QoGest-: negative quality of gesture. GestSup+, GestSup, PostSup+, PostSup-, QoGest+, and 
QoGest- result from the summation of the positive and negative modifi ers in each behavior group
GG GG
GP GP
GFE GFE
LIP LIP
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NoT NoT
MG MG
RoP RoP
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We found several significant correlations between the behaviors and modifiers of the 
ELICSE and the items of the OME and OERS (see Tables 13, 14, 15, and 16). We excluded 
all the significant correlations involving the items anger, anxiety/fear, and sadness of the 
OERS. Indeed, as stated at the end of chapter 5, there was not enough variation in these 
items to justify significant correlations. In the game-based cognitive stimulation (see 
Tables 13 and 14):
1. The item attention of the OME was positively correlated with manipulate game 
(rs(40)= .260, p= .048) and negatively correlated with gaze toward facilitator/
experimenter (rs(40)= -.269, p= .042), reach out facilitator/experimenter (rs(40)= 
-.340, p= .014), and negative gestural support (rs(40)= -.494, p< .001).
2. The item attitude toward game of the OME was positively correlated with reach out 
partner (rs(40)= .278, p= .037) and negatively correlated with reach out facilitator/
experimenter (rs(40)= -.294, p= .048) and negative gestural support (rs(40)= -.456, 
p= .001).
3. The item attitude toward partner of the OME was positively correlated with reach 
out partner (rs(40)= .345, p= .013), positive gestural support (rs(40)= .344, p= .013), 
and positive quality of gesture (rs(40)= .277, p= .038), while it was negatively 
correlated with gaze toward facilitator/experimenter (rs(40)= -.317, p= .020), reach 
out facilitator/experimenter (rs(40)= -.259, p= .049), and negative gestural support 
(rs(40)= -.437, p= .002).
4. The item cognitive difficulty of the OME was positively correlated with negative 
gestural support (rs(40)= .376, p= .007).
5. The item pleasure of the OERS was positively correlated with gaze toward partner 
(rs(40)= .481, p= .001), none of the target head movements (rs(40)= .277, p= .038)6F7, 
near reach/lean toward the game (rs(40)= .306, p= .024), lean in partner (rs(40)= 
.501, p< .001), reach out partner (rs(40)= .276, p= .039), positive gestural support 
(rs(40)= .582, p< .001), and positive quality of gesture (rs(40)= .517, p< .001). The 
item pleasure was negatively correlated with none of the target torso movements 
(rs(40)= -.309, p= .023) and negative gestural support (rs(40)= -.367, p= .008).
6. The item alertness of the OERS was positively correlated with gaze toward game 
(rs(40)= .275, p= .039).
7 This correlation might depend on the fact that participants closed their eyes while laughing or smiling.
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In the robot-based free play (see Tables 15 and 16):
1. The item attention of the OME was positively correlated with gaze toward game 
(rs(39)= .309, p= .025) and manipulate game (rs(39)= .393, p= .005) and negatively 
correlated with none of the target head movements (rs(39)= -.358, p= .011), none 
of target arms/hands movements (rs(39)= -.389, p= .006), negative gestural support 
(rs(39)= -.541, p< .001), negative postural support (rs(39)= -.363, p= .010), and 
negative quality of gesture (rs(39)= -.362, p= .010).
2. The item attitude toward game of the OME was positively correlated with manipulate 
game (rs(39)= .621, p< .001), positive postural support (rs(39)= .451, p= .002), and 
positive quality of gesture (rs(39)= .420, p= .003) and negatively correlated with 
none of the target head movements (rs(39)= -.291, p= .033), none of the target arms/
hands movements (rs(39)= -.621, p< .001), negative gestural support (rs(39)= -.577, 
p< .001), negative postural support (rs(39)= -.314, p= .023), and negative quality of 
gesture (rs(39)= -.346, p= .013).
3. The item attitude toward partner of the OME was positively correlated with 
manipulate game (rs(39)= .375, p= .008) and negatively correlated with gaze toward 
facilitator/experimenter (rs(39)= -.412, p= .004) and none of the target arms/hands 
movements (rs(39)= -.383, p= .007).
4. The item pleasure of the OERS was positively correlated with lean in partner 
(rs(39)= .281, p= .038), manipulate game (rs(39)= .536, p< .001), positive gestural 
support (rs(39)= .433, p= .002), positive postural support (rs(39)= .595, p< .001), and 
positive quality of gesture (rs(39)= .570, p< .001), while it was negatively correlated 
with none of the target arms/hands movements (rs(39)= -.536, p< .001), negative 
gestural support (rs(39)= -.581, p< .001), and negative postural support (rs(39)= -.329, 
p= .018).
5. The item alertness of the OERS was positively correlated with gaze toward game 
(rs(39)= .385, p= .007) and negatively correlated with none of the target head 
movements (rs(39)= -.376, p= .008) and negative postural support (rs(39)= -.309, 
p= .025).
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Table 13. Concurrent validity of the behaviors in the ELICSE for game-based cognitive stimulation: 
correlations tested (in bold the significant ones: *≤.05, **<.01, ***<.001)
GAME-BASED COGNITIVE STIMULATION (BEHAVIORS)
CORRELATION
OME & OERS/ ELICSE*
GG GP GFE NoH NRLTG LIP NoT MG RoP RoFE NoAH
Attention r(s) .187 -.058 -.269 -.091 .207 .003 -.207 .260 .195 -.340 -.248
p-value .117 .357 *.042 .283 .094 .493 .094 *.048 .108 *.014 .057
Attitude game r(s) .063 .171 -.251 -.044 .153 .249 -.153 .148 .278 -.294 -.161
p-value .346 .140 .055 .390 .166 .056 .166 .174 *.037 *.029 .155
Attitude partner r(s) .056 .166 -.317 .038 .140 .206 -.140 .040 .345 -.259 -.057
p-value .362 .147 *.020 .406 .188 .095 .188 .401 *.013 *.049 .359
Cognitive difficulty r(s) .129 -.049 -.128 .044 -.145 .047 .136 .109 -.141 -.012 -.098
p-value .208 .378 .209 .392 .180 .383 .195 .247 .186 .469 .269
Pleasure r(s) -.234 .481 -.101 .277 .306 .501 -.309 .153 .276 -.114 -.184
p-value .068 ***.001 .262 *.038 *.024 ***<.001 *.023 .167 *.039 .236 .122
Anger r(s) -.184 .249 .065 .327 .037 .426 -.037 -.074 .065 .239 .037
p-value .121 .056 .342 *.017 .408 **.002 .408 .321 .340 .064 .408
Anxiety/Fear r(s) .006 .110 -.174 .193 .110 .319* -.110 .032 .202 .152 -.110
p-value .484 .245 .135 .110 .245 *.020 .245 .420 .100 .168 .245
Alertness r(s) .275* -.220 -.146 -.208 -.141 -.003 .141 -.089 .140 -.089 .098
p-value *.039 .081 .178 .093 .186 .492 .186 .289 .187 .288 .268
*The item sadness of the OERS did not yield any result, hence it does not appear in the list
Table 14. Concurrent validity of the modifiers in the ELICSE for game-based cognitive stimulation: 
correlations tested (in bold the significant ones: *≤.05, **<.01, ***<.001)
GAME-BASED COGNITIVE STIMULATION (MODIFIERS)
CORRELATION
OME & OERS/ ELICSE*
GestSup_pos GestSup_neg QoGest_pos QoGest_neg
Attention r(s) .189 -.494 .028 -.055
p-value .115 ***<.001 .429 .366
Attitude game r(s) .229 -.456 .149 -.108
p-value .073 ***.001 .173 .247
Attitude partner r(s) .344 -.437 .277 -.078
p-value *.013 **.002 *.038 .312
Cognitive difficulty r(s) -.074 .376** .035 -.010
p-value .320 .007 .413 .474
Pleasure r(s) .582 -.367 .517 -.048
p-value ***<.001 **.008 ***<.001 .380
Anger r(s) .083 -.015 .089 .317*
p-value .301 .463 .288 .020
Anxiety/Fear r(s) .200 -.150 .269* -.051
p-value .102 .171 .043 .375
Alertness r(s) -.053 -.003 -.069 -.033
p-value .370 .494 .332 .418
*The item sadness of the OERS did not yield any result, hence it does not appear in the list. The modifiers positive postural 
support and negative postural support are not enlisted as they appeared respectively .01% and .00% of the time during the 
sessions of game-based cognitive stimulation
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Table 15. Concurrent validity of the behaviors in the ELICSE for robot-based free play: correlations tested 
(in bold the significant ones: *≤.05, **<.01, ***<.001)
ROBOT-BASED FREE PLAY (BEHAVIORS)
CORRELATION
OME & OERS/ ELICSE*
GG GP GFE NoH NRLTG LIP NoT MG RoP RoFE NoAH
Attention r(s) .309 -.062 -.171 -.358 -.082 .202 .078 .393 -.176 .022 -.389
p-value *.025 .350 .142 *.011 .306 .103 .314 **.005 .136 .447 **.006
Attitude game r(s) .220 .051 -.159 -.291 -.163 .107 .169 .621 .005 .036 -.621
p-value .084 .375 .161 *.033 .154 .253 .146 ***<.001 .487 .411 ***<.001
Attitude partner r(s) .020 .030 -.412 -.043 .045 .227 -.036 .375 .185 -.013 -.383
p-value .450 .427 **.004 .394 .391 .076 .410 **.008 .123 .467 **.007
Pleasure r(s) .063 .050 .136 -.125 -.250 .281 .245 .536 .168 .024 -.536
p-value .349 .378 .198 .217 .057 *.038 .062 ***<.001 .147 .441 ***<.001
Anger r(s) -.320 -.172 .046 .451 .280 .168 -.288 -.388 .235 -.153 .372
p-value *.021 .140 .387 **.002 *.038 .146 *.034 **.006 .069 .169 **.008
Anxiety/Fear r(s) .043 -.062 -.006 .093 .188 -.033 -.188 -.041 .090 -.209 .041
p-value .396 .351 .486 .282 .120 .420 .120 .398 .288 .095 .398
Sadness r(s) -.215 -.270 -.084 .373 .316 .092 -.316 -.288 .104 -.059 .269
p-value .089 *.044 .301 **.008 *.022 .283 *.022 *.034 .258 .358 *.045
Alertness r(s) .385 -.225 -.187 -.376 -.192 .019 .198 .258 -.144 .074 -.258
p-value **.007 .079 .121 **.008 .115 .454 .108 .052 .185 .322 .052
*The item cognitive difficulty of the OME did not yield any result, hence it does not appear in the list
Table 16. Concurrent validity of the modifiers in the ELICSE for robot-based free play: correlations tested 
(in bold the significant ones: *≤.05, **<.01, ***<.001)
ROBOT-BASED FREE PLAY (MODIFIERS)
CORRELATION
OME & OERS/ ELICSE*
GestSup_
pos
GestSup_
neg
PostSup_
pos
PostSup_
neg
QoGest_
pos
QoGest_
neg
Attention r(s) .233 -.541 .195 -.363 .211 -.362
p-value .071 ***<.001 .111 **.010 .093 **.010
Attitude game r(s) .231 -.577** .451 -.314 .420 -.346
p-value .073 ***<.001 **.002 *.023 **.003 *.013
Attitude partner r(s) -.113 -.122 .152 -.057 .170 -.059
p-value .241 .224 .171 .363 .145 .357
Pleasure r(s) .433 -.581 .595 -.329 .570 -.224
p-value **.002 ***<.001 ***<.001 *.018 ***<.001 .080
Anger r(s) -.171 .450 -.382 .794 -.387 .665
p-value .143 **.002 **.007 ***<.001 **.006 ***<.001
Anxiety/Fear r(s) -.373 .035 -.171 .174 -.298 .103
p-value *.008 .415 .143 .138 *.029 .261
Sadness r(s) -.020 .356 -.308 .657 -.296 .569
p-value .452 *.011 *.025 ***<.001 *.030 ***<.001
Alertness r(s) .018 -.135 .057 -.309 .068 -.190
p-value .457 .201 .363 *.025 .337 .117
*The item cognitive difficulty of the OME did not yield any result, hence it does not appear in the list
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6.7 Discussion
6.7.1 Research Questions
The development of the ELICSE enabled us to respond to the research questions: Which 
behaviors externalize engagement in people with dementia? Are these behaviors appropriate 
to measure engagement? According to the analyses of the IRR and concurrent validity, the 
ELICSE is an appropriate measure of engagement. Indeed, on the one hand, it achieved a 
Cohen’s kappa well above the .75 threshold (i.e., mean kappa of both activities). On the 
other hand, it showed a high correlation tendency with the gold standard scales, the OME 
and the OERS. As a matter of fact, with the exception of the items anger, anxiety/fear, and 
sadness – which did not variate enough in the database – the ELICSE correlated with all the 
items of the OME and OERS.
Also, the ELICSE enabled us to satisfy one of the requirements to get to a proper 
measurement framework of engagement in dementia, which is to establish a methodology 
to measure engagement-related behavior in its units and as a body configuration across 
activities. One of the main advantages of the ELICSE is its ability to measure engagement-
related behavior in its parts – as the overall duration of single behaviors – but also in its 
progression – as the succession of different body configurations. The potential of the latter 
approach has not been investigated yet. We assume that by taking into account body 
configurations, one can measure different engagement intensities. To pursue this objective, 
one first needs to associate a score to different body configurations based on the intensity 
of engagement that they express, then s/he needs to use a time-sampling technique to 
code the progression of this intensity throughout an activity session.
6.7.2 Behavioral Dynamics of Engagement
The correlations with the OME and OERS did not just provide information on the concurrent 
validity of the ELICSE, but also enlightened the behavioral dynamics taking place during 
activities. For instance, during game-based cognitive stimulation, the behaviors directed 
towards the partner were synonymous of a positive attitude towards the game and were 
importantly correlated with positive affect, while the behaviors expressing negative affect 
were connected with cognitive exertion. Apparently, in a situation where the challenges 
are high (i.e., cognitive difficulty) and the skills are low (mild and moderate dementia), the 
reciprocal social support (behaviors directed towards the partner) might act as a mediating 
variable for finding engagement (positive attitude towards the game and positive affect). 
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With regards to the robot-based free play, engagement was more robot-centric. The 
behaviors directed towards the game were related to positive affect, while the behaviors 
directed somewhere else other than the foci of the activity were related to negative 
affect. In this context, sociality appeared more as a consequence of the activity itself 
than of its difficulty. It was built in it. Pleo constituted a shared point of attention for the 
two participants. In fact, in robot-based free play, the presence of behaviors not directed 
towards the foci was not just a symptom of negative attitude towards the game, but also of 
negative attitude towards the partner.
In addition to these observations, we would like to pose the attention of one fact: the 
behaviors directed toward the facilitator and experimenter implied a lack of attention 
toward the game. The role of the facilitator during activities is a supporting role, s/he 
helps the person with dementia to overcome the challenges that the activity prospects. 
As a result, when participants resort to the facilitator, it means that the activity is not 
progressing as smoothly as it should. On the opposite, when they do not turn to him/her, it 
means that the activity is proceeding harmoniously.
6.7.3 Adaptability of ELICSE
The ELICSE has been developed with participants with mild and moderate dementia in the 
context of game-based cognitive stimulation and robot-based free play. However, for its 
characteristics: (1) it can be modified to suit the needs of people with different levels of 
dementia (e.g., MCI, severe dementia) and (2) it can adapted to score engagement in most 
of the co-activities described in chapter 3 (e.g., sensory stimulation).
With regards to point 1, the ELICSE can be adapted to further activities with a three-step 
procedure. First, the researcher has to define the foci of the activity and the body portion 
involvement that the activity entails. Second, s/he has to enumerate the directional 
behaviors performed by participants to address the foci of the activity with each of the 
involved body parts. Third, s/he has to identify the gestures that carry a positive or negative 
affective meaning which are executed by participants on top of (or as part of) the directional 
behaviors. The first step defines the behavior groups in the ELICSE, the second step the 
single behaviors, the third step the modifiers.
With regards to point 2, the ELICSE can be adapted to meet the characteristics of different 
dementia profiles. Indeed, it can be scaled up or down. When measuring engagement in 
persons with severe dementia, the researcher might want to remove infrequent behaviors, 
such as arms/hands movements. On the opposite, when assessing engagement in persons 
with MCI, the researcher might want to add behavioral modalities in order to enrich the 
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assessment of engagement with further details. As the behavior groups in the ELICSE are 
measured independently from each other, the coding system can be downsized or enlarged 
with new modalities without altering the balance between single behaviors.
6.7.4 Meaning of Behaviors
In this section, we focus on associating a meaning to the behaviors in the ELICSE based 
on the components of engagement in our theoretical framework. We do so in three steps: 
(1) we differentiate between behaviors of engagement and disengagement, (2) we identify 
behaviors of rapport, focused attention, and valence, and (3) we distinguish between 
behaviors of positive and negative valence.
With regards to behaviors of engagement and disengagement, we included in the latter 
category: none of the target head movements, none of the target torso movements, and none 
of the target arms/hands movements. These behaviors were all targeted to a focus other 
than the activity. Also, we included in this category gaze toward facilitator/experimenter, 
and reach out facilitator/experimenter. Throughout activities, these behaviors were strongly 
correlated with lack of engagement. The remaining behaviors were considered behaviors 
of engagement and were further divided into behaviors of rapport, focused attention, and 
valence. We considered: (i) the partner as the significant other in the activity and chose 
it as the focus of rapport, (ii) the game as the limited stimulus field that the participant 
needs to concentrate on and selected it as the target of focused attention, and (iii) the 
affective characterization of behavior as the hedonic tone of the activity (unpleasant vs 
pleasant) and chose it to represent valence. As a result, rapport was composed by: gaze 
toward partner, lean in partner, and reach out partner. Focused attention was represented 
by: gaze toward game, near reach/lean toward game, and manipulate game. Last, valence 
consisted of: gestural support, postural support, and quality of gesture. As the behaviors 
of valence expressed different shades of meaning, they were further divided into positive 
and negative. We included positive gestural support, positive postural support, and positive 
quality of gesture into positive valence; negative gestural support, negative postural support, 
and negative quality of gesture into negative valence. We excluded the neutral modifiers 
from this classification, as they were already accounted for by the main behaviors. The final 
result of the sort out process is presented in Table 17.
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Table 17. Assignment of behaviors to components of engagement
ENGAGEMENT-RELATED BEHAVIOR EXCLUDED BEHAVIOR
FOCUSED ATTENTION RAPPORT VALENCE None of the target head 
behaviors
POSITIVE NEGATIVE None of the target torso 
behaviors
Gaze toward game Gaze toward 
partner
Positive 
gestural 
support
Negative 
gestural 
support
None of the target arms/
hands behaviors
Near reach/lean toward 
game
Lean in partner Positive 
postural 
support
Negative 
postural 
support
Gaze towards facilitator/
experimenter
Manipulate game Reach out 
partner
Positive 
quality of 
gesture
Negative 
quality of 
gesture
Reach out facilitator/exper-
imenter
6.8 Conclusions
This chapter described the development of the ELICSE, a coding system that quantifies 
engagement-related behavior across diverse activities. Through the ELICSE, we achieved 
another milestone of this dissertation, establish a methodology to measure engagement-
related behavior in its units and as a body configuration across activities. Moreover, we 
identified the behaviors to include in the theory-driven model of engagement to assess 
focused attention, rapport, and valence. In the next chapter, we present the final version of 
the theory-driven model of engagement updated according to the results of chapter 5 and 
6 and test it using SEM.
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7.1 Introduction
This chapter is aimed at describing and testing the final version of the theory-driven model 
of engagement and is organized as follows. First, we frame the problem and detail the 
methodological issues that a model of engagement for people with dementia is supposed 
to address. Second, we collocate the measures of engagement deployed in chapters 5 and 
6 – the features of EDA and the behaviors of the ELICSE – in the model under the respective 
components of engagement. Third, we test the theory-driven model of engagement with 
SEM to ascertain its goodness of fit. Last, we discuss the results of the test and apply 
modifications to the model when necessary.
7.2 Problem Framing and Model Contribution
As highlighted by the literature, engagement can be measured on three different levels, 
according to three diverse response systems: (i) the experiential/subjective – which deals 
with the personal self-perceived experience of engagement, (ii) the behavioral/expressive 
– which addresses the outer manifestation of engagement through behavior, and (iii) the 
peripheral-physiological – which treats the physiological substrate of engagement.
These three systems are not equally accessible in dementia. The experiential/subjective 
response system, in particular, is the most heavily affected by the disease. Indeed, the 
progression of dementia makes it always more difficult for a person to access his/her 
psychological states and consistently report them. Also, subjective reports of engagement 
are liable to response biases. We observed both of these dynamics during the exploratory 
study (see Appendix B). Participants struggled to respond to the questions of the SIQ, as 
they could not distinctly recall all the activities they had participated to and rank them in 
order of preference. Moreover, they seemed to reply to the questions according to a social 
desirability and acquiescence bias, as they tended to endorse any statement made by the 
facilitator and experimenter, regardless of its content.
Concerning the behavioral/expressive response system, disturbances like apathy and 
depression – which affect conation and have high prevalence rates in dementia – might 
blunt the expression of engagement at a behavioral level, and restitute an incomplete 
image of engagement for some people with dementia. As can be observed from the 
boxplots in Appendix F, also in our sample, participants with dementia-associated apathy 
and depression displayed a reduction in engagement-related behavior. They showed less 
attention, a worse attitude towards the game and the partner, and lower pleasure according 
to the OME and OERS; less behaviors of engagement (i.e., manipulate the game) and positive 
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valence (i.e., positive gestural support, positive quality of gesture), and more behaviors of 
disengagement (i.e., none of the target head movements, none of the target torso movements) 
and negative valence (i.e., negative gestural support) according to the ELICSE.
With regards to the peripheral-physiological response system, the measurement of the 
physiology of engagement in dementia is very rare in the literature since it is riddled with 
methodological pitfalls. In the big picture of engagement in dementia, the peripheral-
physiological system can be used to integrate the behavioral/expressive level of assessment, 
especially when this is affected by motivational disorders and other behavioral disturbances 
(e.g., agitation, anxiety). The results of the analysis of EDA are rather promising in this 
sense. EDA casts a different light on the engagement of the participants with motivational 
disorders with respect to the one shed by the OME and OERS and the ELICSE. KURT EDA 
and SKEW EDA – which in game-based cognitive stimulation were positively correlated 
with alertness and in robot-based free play were negatively correlated with attention and 
attitude towards the game – were higher in participants with motivational disorders during 
the former activity and almost even between groups in the latter.
These methodological considerations – which are corroborated by the results of the 
exploratory study and the further analyses in Appendix F – tell us that self-reports are 
not always reliable measures of engagement in dementia. They can be adopted during 
early stages of the disease, but become always more unfeasible the more dementia 
progresses. For this reason, we excluded them as a gold standard of engagement. Also, 
these considerations pinpoint that the behavioral/expressive and peripheral-physiological 
response systems need to be combined to provide a comprehensive assessment of 
engagement for dementia. This is what we attempt to do in this chapter. In chapter 5, we 
analyzed EDA and ascertained its concurrent validity as a peripheral-physiological measure 
of engagement. In Chapter 6, we developed the ELICSE, tested its inter-rater reliability, and 
determined its concurrent validity as a behavioral/expressive measure of engagement. 
In this chapter, we finalize the theory-driven model of engagement sketched in chapter 
3 by enclosing the features of EDA and the behaviors of the ELICSE under the respective 
components of engagement and test it with SEM. 
Beyond the pure combination of measures belonging to different response systems, 
a model of engagement serves three purposes: (1) understand whether the deployed 
behavioral/expressive and peripheral-physiological measures of engagement really 
measure the components of engagement that they are supposed to measure, (2) set the 
boundaries between the different components of engagement so that there is no overlap 
or contradiction between them, and (3) define and formalize the relationships between 
these components to measure engagement in a more consistent way.
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7.3 Components and Measures of Engagement
In chapter 3, we drew the theoretical framework of this dissertation and identified three 
components of engagement accessible in dementia: (1) focused attention, (2) rapport, and 
(3) core affect.
1. Focused attention was defined as the voluntary focusing of attention on a limited 
stimulus field (Csikszentmihalyi, 2014).
2. Rapport was defined as a meaningful human experience of close and harmonious 
connection with another that involves common understanding (Tickle-Degnen, 
2006).
3. Core affect was defined as the neurophysiological state accessible to consciousness 
as a single simple feeling (Russel, 2003) which is a blend of two dimensions, valence 
(displeasure-pleasure) and arousal (deactivation-activation).
In Figure 20, we present the final version of the theory-driven model of engagement. This 
version is structurally the same as the one in chapter 3. However, it features the measures of 
the different components of engagement validated in chapters 5 and 6. In the theory- driven 
model, the state of engagement is represented as a latent variable that has a direct effect 
on another three latent variables. These are the components of engagement according to 
the literature: focused attention, rapport, and core affect. Focused attention is measured 
through the behaviors of the ELICSE directed toward the game – gaze toward game (GG), 
near reach/lean toward game (NRLTG), and manipulate game (MG). Rapport is measured 
through the behaviors of the ELICSE directed toward the partner – gaze toward partner 
(GP), lean in partner (LIP), and reach out partner (RoP). With regards to core affect, given its 
blended nature, it is split into two ulterior latent variables which represent the orthogonal 
axes of the circumplex model of affect, valence and arousal. Valence is quantified via 
the modifiers in the ELICSE expressing positive and negative valence – gestural support 
(Gest Sup), postural support (Post Sup), and quality of gesture (QoGest; the modifiers 
were aggregated into a unique score with the operations outlined in Table 18). Arousal is 
measured with the latent variables tonic and phasic EDA. Tonic EDA is gauged through the 
features MEAN EDA, STD EDA, and SUM H EDA. Phasic EDA is measured with the features 
SMA EDA and NPR EDA.
As can be noticed, the behaviors directed toward the facilitator/experimenter and those 
targeted to a focus other than the activity were left aside from the model. The former 
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were negatively correlated with engagement, the latter were considered behaviors of 
disengagement. Also the features representing the frequency distribution of the EDA 
signal – KURT EDA and SKEW EDA – were excluded from the model. This was because they 
provided conflicting results across activities. Last, RNG EDA was ruled out from the model, 
as it was not a positive definite with STD EDA, thus it was redundant.
Figure 20. Theory-driven model of engagement
Table 18. Aggregation of modifiers in the ELICSE (for the abbreviations in this table, refer to Table 11)
Variable name Abbreviation Data reduction
GESTURAL SUPPORT Gest Sup = (GP_pos + GG_pos) – (GP_neg + GG_neg)
POSTURAL SUPPORT Post Sup = (LIP_pos + NRLTG_pos) – (LIP_neg + NRLTG_neg)
QUALITY OF GESTURE QoGest = (RoP_pos + MG_pos + SOA_pos) – (RoP_neg + MG_neg + SOA_neg)
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According to the theory-driven model of engagement, the more engaged is the person 
with dementia, the more focused attention, rapport, and core affect increase. This latter 
component increments for the simultaneous effect of the positivity of valence and of the 
rise of the tonic and phasic EDA. The theory-driven model of engagement is strictly related 
to the following definition of engagement drawn from the literature and extended to 
dementia in chapter 3: engagement is the psychological state of enjoyment and proactive 
attentiveness experienced by a person with dementia involved in a meaningful activity.
7.4 Model Testing
The theory-driven model of engagement was tested using SEM with the software SPSS 
AMOS 22.08. SEM is a set of statistical techniques that simultaneously estimates a set of 
interrelated equations and permits the estimation of direct, indirect, and reciprocal effects 
within a complex model (Mishler and Rose, 2005; see Appendix G for a SEM glossary). As 
SEM is a large sample size statistic, we used the data coming from both activities to test 
the model.
As we had a moderate amount of missing data for EDA (13% of the EDA database; Nmeasured= 
73, Nmissing= 11), and these data were missing completely at random (MCAR), we used a 
multiple regression imputation (5 imputations) to assign values to the missing cases 
(Schumacker and Lomax, 2016). MCAR means that the missingness of the data does not 
depend on any of the measured variables (Schafer, 1997). As Kang (2013) reports: “if data 
are missing by design, because of an equipment failure or because the samples are lost in 
transit or technically unsatisfactory, such data are regarded as being MCAR”. In our case, 
the invalid EDA data were all missing because of a failure of the E4 wristband or because 
the electrodes of the EDA response sensor got detached from the skin surface during data 
collection.
The first test of the theory-driven model of engagement gave a negative outcome. Indeed, 
we were not able to obtain the coefficients relative to the goodness of fit, nor the parameters 
estimates for the latent variables. This was due to an inflated negative error variance on the 
latent variables valence (D4= -303.915) and rapport (D3= -.036), which made the solution to 
the theory-driven model of engagement inadmissible.
8 https://www.ibm.com/analytics/spss-statistics-software
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7.4.1 Analysis of the Causes of Negative Error Variance
According to the literature (Garson, 2008), there might be several reasons for a negative 
error variance in SEM: the presence of outliers, a high multicollinearity between indicators, 
the presence of negative correlations between variables, and a small sample size.
We investigated the presence of each of these causes in our dataset, as they could provide 
precious information to modify and refine the model. First, we calculated the Mahalanobis 
distance and removed the observations farthest from the centroid ones (p= .05) – the 
outliers – from our dataset (N= 75). Then, we performed SEM again. Also this time, the 
test gave a negative outcome caused by an inflated negative error variance on the latent 
variable valence (D4= -424.109), a variance of zero on the latent variable rapport, and a 
negative error variance on the indicator gaze toward partner (e12= -3.423).
For both the original dataset and the dataset deprived of outliers, the sample size could not 
be the source of the negative error variance. Indeed, it was adequate enough to perform 
SEM as demonstrated by a Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy higher 
than the threshold level of .50 (KMON=84= .673; KMON=75= .693; Hair et al., 1998; Tabachnick 
and Fidell, 2007).
As the sample size and the presence of outliers did not provide any explanation to the 
negative error variance, we examined the occurrence of multicollinearity. The variance 
inflation factor (VIF) threshold recommended for SEM is ≤ 3.3 (Petter et al., 2007; Cenfetelli 
and Bassellier, 2009). In the original dataset:
1. Near reach/lean toward game was collinear with gaze toward game (VIF= 3.892).
2. Manipulate game was collinear with gaze toward game (VIF= 3.819).
3. Lean in partner was collinear with gaze toward partner (VIF= 5.325).
4. Reach out partner was collinear with gaze toward partner (VIF= 5.262).
5. Gestural support was close to be collinear with postural support (VIF= 3.204) and 
quality of gesture (VIF= 3.155).
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In the dataset without outliers, we found the same results, but with higher VIFs:
1. Near reach/lean toward game was collinear with gaze toward game (VIF= 4.332).
2. Manipulate game was collinear with gaze toward game (VIF= 4.403).
3. Lean in partner was collinear with gaze toward partner (VIF= 6.193).
4. Reach out partner was collinear with gaze toward partner (VIF= 6.279).
5. Gestural support was collinear with postural support (VIF= 4.802) and quality of 
gesture (VIF= 5.568).
As a result of this analysis, we attributed the negative error variance in the theory-driven 
model of engagement to the high multicollinearity between indicators. However, we 
realized that negative correlation might have also had a role in the inadmissibility of the 
model. Indeed, as focused attention and rapport concur for the same attentional resources 
during activities, they could have been negatively correlated. We ran the SEM in Figure 21 to 
confirm this hypothesis. The model proved to be an excellent fit for the data (X2(8, N = 75)= 
9.125, p= .332; RMSEA= .041; NFI= .935; CFI= .991; RFI= .829; PNFI= .356) and the correlation 
between focused attention and rapport was significant and negative (r(73)= -.766, p< .001).
Figure 21. Correlation between focused attention and rapport. † fixed factor, *< .05, **< .01, ***< .001. In red, 
the negative error variance on gaze toward partner
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7.4.2 Model Modification
One of the main conclusions that we drew from the misspecification of the theory-driven 
model of engagement was that focused attention and rapport are not separate components 
of engagement as postulated by the literature. Instead, they are different forms of focused 
attention. In fact, rapport can be conceived as the voluntary focus of attention on the 
limited stimulus field partner. One of the corrections that we made to the theory-driven 
model of engagement to tackle this issue was that of merging the latent variables rapport 
and focused attention and consider both the behaviors directed toward the game and those 
targeted at the partner as behaviors of focused attention. 
Another inaccuracy of the theory-driven model of engagement – which might have 
caused the high multicollinearity between indicators – was that of excluding behaviors of 
disengagement (i.e., none of the target head movements, none of the target torso movements, 
and none of the target arms/hands movements, gaze toward facilitator/experimenter, and 
reach out facilitator/experimenter) from the computation of focused attention and rapport. 
To address this issue, we subtracted the behaviors directed towards the facilitator/
experimenter and those that did not target any of the foci of the activity (i.e., none of the 
target head movements, none of the target torso movements, and none of the target arms/
hands movements) from the summation of the behaviors directed towards the game and 
the partner (see Table 19). As a result, we obtained an engagement score for each of the 
behavioral modalities in the ELICSE – head, torso, and arms/hands – ranging between -100 
and 100, where -100 represented the highest disengagement with the activity and 100 the 
highest engagement with it. These engagement scores were named gaze toward activity 
(GAct), lean toward activity (LTAct), and reach out activity (RoAct). In Figure 22, we present 
the modified version of the theory-driven model of engagement.
Table 19. Aggregation of behaviors in the ELICSE (for the abbreviations in this table refer to Table 11)
Variable name Abbreviation Data reduction
GAZE ACTIVITY GAct = (GP + GG) - (GFE + NoH)
LEAN TOWARD ACTIVITY LTAct = (LIP + NRLTG) – (NoT)
REACH OUT ACTIVITY RoAct = (RoP + MG) – (RoFE + NoAH)
7.5 Model Re-testing
We ran the test of the modified version of the theory-driven model of engagement using 
SEM and the software SPSS AMOS 22.0. The test of the model was inconclusive. Indeed, 
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we found a negative error variance on the latent variable focused attention (D2= -27.620), 
a hugely inflated negative error variance on valence (D3= -13975.654), an error variance of 
zero on SMA EDA, and a consistent negative error variance on the observed variable gaze 
toward activity (e9= -118.239).
Figure 22. Modified version of theory-driven model of engagement
7.5.1 Analysis of the Causes of Negative Error Variance
As for the previous version of the model, we delved into the causes of the negative error 
variance in order to refine the model. First, we removed the outliers (N= 77) by identifying 
the observations further from the centroid ones with the Mahalanobis distance statistic. 
Then, we re-ran the model. This time we found an inflated negative error variance on the 
observed variable quality of gesture (e3= -525.946), a moderate negative error variance on 
the latent variable focused attention (D2= -82.681), and a mild negative error variance on 
the latent variable tonic EDA (d5= -.031).
The sample size of both datasets (with and without outliers) was adequate enough for 
SEM (KMON=84= .633; KMON=77= .631) and was hence excluded as the cause of negative error 
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variance. Thereby, we proceeded to examine multicollinearity. With regards to the dataset 
with outliers, we did not find any multicollinearity between variables. As for the dataset 
without outliers, we found a high multicollinearity just on one variable, gestural support. 
This was collinear with postural support (VIF= 4.909) and quality of gesture (VIF= 4.954). As 
the multicollinearity was much reduced with respect to the previous version of the theory-
driven model of engagement and the negative error variance issue remained unsolved 
even after removing the observed variable gestural support from the model, we excluded 
multicollinearity as a potential cause of the negative error variance.
The negative correlation between focused attention and core affect could not be calculated. 
Indeed, the size of the negative error variances in both datasets (with and without outliers) 
would have greatly influenced the results. Consequently, we could not establish with 
precision the cause of the misspecification of this second version of the theory-driven 
model of engagement.
7.5.2 Potential Sources of Misspecifation
In this section of the chapter, we outline a number of potential sources of misspecification 
of the theory-driven model of engagement, which we meticulously examine in the next 
chapters of the dissertation.
According to the placement of the negative error variances, we hypothesized four sources 
of misspecification of the theory-driven model of engagement: (i) the existence of hidden 
regression paths between the indicators of valence – gestural support, postural support, 
and quality of gesture, (ii) the presence of hidden regression paths between the indicators 
of focused attention – gaze toward activity, lean toward activity, and reach out activity, (iii) 
the bivariate distribution of valence and arousal, and (iv) the instability of the correlation 
between focused attention and valence.
With regards to the first two sources of misspecification, they imply that the indicators 
gestural support, postural support, and quality of gesture and the indicators gaze toward 
activity, lean toward activity, and reach out activity are linked to each other with regression 
paths. Hence, they do not have the same measurement value in terms of valence and 
focused attention.
Concerning the third source of misspecification, it entails that arousal and valence do not 
entertain a monotonic relationship and therefore cannot be nested under the same latent 
variable. According to the circumplex model of affect, arousal grows both when valence 
is positive and when it is negative. One of the issues with the theory-driven model of 
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engagement is that it modeled engagement considering that valence could only range from 
neutral to positive and thus assumed that arousal and valence could linearly correlate. As 
this is a bias shared by most of the behavioral and physiological measures of engagement 
and in general by the literature on engagement, for its theory-driven nature, the tested 
model could not be immune to it.
With regards to the last hypothesized source of misspecification, it assumes that focused 
attention and valence might not always progress in the same direction as postulated by the 
theory-driven model of engagement. One can be extremely attentive to the activity, while 
expressing negative affect. Likewise, one can be disengaged, while displaying positive 
affect.
7.6 Discussion
To conclude, the testing of the theory-driven model of engagement highlighted a number 
of pitfalls in the literature and contributed to denounce a widespread erroneous vision on 
engagement, that of a construct imbued with exclusively positive traits. The testing of the 
model revealed that inattention and negative affect are as crucial and essential for the 
assessment of engagement as their positive equivalents (i.e., attention and positive affect).
The statistical examination of the model enabled us to redefine the boundaries between 
the components of engagement set by the literature. For instance, it brought us to merge 
two components of engagement that in the literature often appear as separate: rapport 
and focused attention. Also, it served to gain insights to deploy a model of engagement 
more consistent with the data. Indeed, it brought us to hypothesize a series of relationships 
between components and measures of engagement whose data-driven verification can 
lead to a better fitting model.
As a consequence of the misspecification of the theory-driven model of engagement, we 
can state that the definition of engagement as a psychological state of enjoyment and 
proactive attentiveness put forward by the literature is not confirmed by the data.
7.7 Conclusions
This chapter presented the definitive version of the theory-driven model of engagement 
and described the testing of its goodness of fit. The theory-driven model of engagement 
was developed according to a thorough literature review and featured measures of 
engagement provided with good concurrent validity. However, it proved to be inconclusive 
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across two consecutive tests of its goodness of fit, one carried out with the original model, 
the other performed with its modified version.
The original theory-driven model of engagement was inadmissible for a number of 
statistical reasons, namely high multicollinearity and negative correlation. The modified 
version of the model, instead, did not present any underlying statistical problem, and thus 
was assumed to be incorrect in its relational structure. We identified four potential sources 
of its misspecification: (1) the existence of hidden regression paths between the indicators 
of valence, (2) the presence of hidden regression paths between the indicators of focused 
attention, (3) the bivariate distribution of valence and arousal, and (4) the instability of the 
correlation between focused attention and valence.
These potential sources of misspecification will be addressed in the upcoming chapters 
and their resolution will lead to the ENGAGE-DEM, the model of engagement for people 
with dementia that constitutes the main achievement of this dissertation. In chapter 8, 
we investigate whether the indicators of focused attention and valence are organized in 
a hierarchical way and thus connected by regression paths. In chapter 9, we introduce 
another measure of engagement – quantity of movement – which is partially inspired by 
the results of chapter 8. In chapter 10, we detail the ENGAGE-DEM and test its goodness 
of fit with SEM. The issues regarding the relationships between valence and arousal, 
and between focused attention and valence are addressed in chapter 10 and inform the 
construction of the final model.
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8.1 Introduction
In the previous chapter, we performed two consecutive tests of the theory-driven model 
of engagement. Both of these tests disclosed that the model was not a good structural 
representation of the engagement of people with dementia. We identified four potential 
sources of misspecification for it. Two of them concerned the behavioral/expressive level 
of measurement. They postulated the presence of hidden regression paths connecting the 
indicators of focused attention (i.e., gaze toward activity, lean toward activity, and reach 
out activity) and those of valence (i.e., gestural support, postural support, and quality of 
gesture). As the indicators of focused attention and valence belonged each to a different 
behavioral modality, we suspected that these regression paths described the propagation 
of behavior across body parts.
In this chapter, we first identify patterns in the way behavior spread across body parts. 
Then, we transform these patterns into hypothetical regression paths connecting the 
indicators of focused attention and valence and test them with SEM.
8.2 Patterns of Body Part Organization
In order to examine how behavior progressively spread across body parts, we made 
reference to the category body of LMA and particularly to the formalization of body part 
organization. The category body describes the structure of the body, which parts of the 
body are moving, which parts are linked to others, and which parts are influenced by others 
(Maletic, 1987). The formalization of body part organization specifically defines how body 
parts are connected in movement (Hackney, 2002). The body part organization can be 
successive (adjacent body parts move one after the other), sequential (non-adjacent body 
parts move one after the other), and simultaneous (all active body parts move together at 
the same time). In this context, we are not interested in identifying the temporal succession 
of behavior, but in discovering constant relationships between body parts moving 
successively, sequentially, and simultaneously.
8.2.1 Patterns of Body Part Organization: Focused Attention
Across activities, we observed one main pattern of body part organization in the behaviors 
of focused attention: successive – space hold (with various gestures) – successive. This 
pattern appeared both when participants addressed the focus game and when they 
addressed the focus partner. In the pattern, the threefold elements had different scopes: 
(i) the first successive movement was aimed at reaching the artifact or the partner in the 
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activity, (ii) the space hold (with various gestures) was targeted at manipulating the artifact 
or physically interacting with the partner during the activity (e.g., pat the partner), and (iii) 
the second successive movement was aimed at withdrawing from the activity by moving 
away from the artifact or the partner.
The successive organization mostly appeared after the game was placed on the table by 
the facilitator (see Figure 23). In this situation, the movement of the participant towards 
the game was initiated by the head (gaze toward game) and sequenced into arms/hands 
(manipulate game) via the torso (near reach/lean toward game). After this successive 
movement, the head and the torso of the participant remained locked in the same position 
(i.e., space hold), while the arms/hands kept manipulating the game (with gestures; see 
participant on the right in Figure 24A and participant on the right in Figure 24B). When 
the game was removed from the table by the facilitator, the successive movement of the 
participant towards the seat was initiated by the head (none of the target head movements) 
and then progressed via the torso (none of the target torso movements) into the arms/hands 
(none of the target arms/hands movements).
With regards to the appearance of the same pattern in relation to the partner (see 
participant on the left in Figure 24B), the movement was again: (i) initiated by the head 
(gaze toward partner) and then sequenced into arms/hands (reach out partner) via the 
torso (lean in partner), (ii) partially locked in space (space hold of head and torso, with 
various gestures of the arms/hands), and (iii) concluded with a successive movement of 
the participant towards the seat initiated by the head (none of the target head movements) 
and transmitted to the arms/hands (none of the target arms/hands movements) by the torso 
(none of the target torso movements).
We observed three variations of the pattern successive – space hold (with various gestures) 
– successive. The first occurred when participants addressed the game or the partner 
exclusively with the head, held the head in the same position in space (see participant on 
the left in Figure 24C, and participant on the right in Figure 25), and then moved the head 
away from the focus. The second appeared when they addressed the game or the partner 
with a successive movement of the head and the torso, which was then held in the same 
position in space, and subsequently dissolved. The third took place when participants 
addressed the game or the partner with a sequential movement of the head and arms/
hands, which was then held in the same position in space without further activation of the 
torso (see participant on the right in Figure 25), and finally sequentially dismantled. In this 
latter case, it would be more correct to rename the pattern sequential – space hold (with 
various gestures) – sequential.
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Figure 24. Patterns of body part organization of focused attention and valence
From the described patterns of body part organization in the indicators of focused 
attention, we postulated that: (1) the head had a leading role in focused attention, (2) the 
movement of the head directed towards the game and the partner could progress into 
arms/hands via the torso, (3) the movement of the head toward the game and the partner 
could progress into the torso without the further involvement of arms/hands, and (3) the 
movement of the head toward the game and the partner could be sequenced into arms/
hands even without the involvement of the torso.
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8.2.2 Patterns of Body Part Organization: Valence
Across activities, we observed one main pattern of body part organization in the behaviors 
of valence: successive – space hold (with or without various gestures). This could involve all 
body parts or just some of them. The amount of body parts involved in the expression of 
valence greatly depended on the focus of the attention of the participant. When this was 
an inanimate object, such as a piece of the jigsaw puzzle, valence was mostly expressed 
through the gestures of one single body part, the head (i.e., gestural support). On the 
contrary, when the focus of the attention was a social interactor like the partner or a social 
robot like Pleo, the expression of valence could get to involve all body parts, the head, the 
torso, and the arms/hands (i.e., gestural support, postural support, quality of gesture).
The first element of the pattern - the successive movement – appeared for example when 
the participant directed the head towards Pleo (gaze toward game), smiled at it (positive 
gestural support), initiated the approach towards Pleo with the chest (near reach/lean 
toward game), embraced the robot with both arms/hands (positive postural support), lifted 
the robot to bring it close to the torso (manipulate game), and hugged it (positive quality of 
gesture). Also, it appeared when the participant directed the head towards the partner (gaze 
toward partner), smiled at him/her (positive gestural support), leaned sideways towards the 
partner (lean in partner), and embraced him/her with both arms/hands (positive postural 
support, reach out partner with positive quality of gesture). 
The second element of the pattern – the space hold (with or without various gestures) – 
occurred once the successive movement was completed. Sometimes, it consisted of a 
space hold of the three body parts in the affective behavior (e.g., hug the robot; see the 
participant on the right in Figure 24C), other times of a space hold of two body parts with 
gestures (e.g., hug the robot while cradling it, hug the partner while patting his/her back).
As anticipated, the expression of valence did not always involve all body parts. Indeed, we 
identified two alternatives to the successive – space hold (with or without various gestures) 
pattern. The first appeared when participants expressed valence just with head gestures 
(i.e., gestural support, e.g., smile, laughter). The second appeared when they expressed 
valence with head gestures and arms/hands gestures (i.e., gestural support and quality of 
gesture, e.g., stroke the robot, or hit the robot).
From the described patterns of body part organization in the behaviors of valence, we 
assumed that: (1) the head had a leading role in the expression of valence, (2) the expression 
of valence could be initiated by gestural support and progressively intensified by postural 
support and quality of gesture, and (3) the expression of valence could be initiated by 
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gestural support and intensified by quality of gesture alone without the involvement of 
postural support. These latter assumptions regarded situations where the focus of the 
attention of the participant was the partner or the robot, but not the board games.
8.3 Hypothetical Regression Paths
In summary, the analysis of the patterns of body part organization of focused attention and 
valence brought us to the following theoretical assumptions:
1. The head has a leading role in focused attention.
2. The head might initiate the movement of the torso towards the game or partner.
3. The movement of the torso towards the game or the partner can be then sequenced 
into arms/hands.
4. The head alone might initiate the movement of the arms/hands towards the game 
or the partner.
5. The gestural support might be intensified by the postural support.
6. The postural support could be further intensified by the quality of gesture.
7. The gestural support alone might be intensified by the quality of gesture.
In order to test our theoretical assumptions, we transformed them into seven hypothetical 
relations between the indicators of focused attention and valence (see Appendix G for a 
SEM glossary):
H1. The indicator gaze toward activity is an exogenous variable (i.e., a variable 
whose value is not dependent on the values of other variables in the model).
H2. The indicator gaze toward activity has a direct effect on the indicator lean 
toward activity.
H3. The indicator lean toward activity has a direct effect on the indicator reach out 
activity.
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H4. The indicator gaze toward activity has a direct effect on the indicator reach out 
activity.
H5. The indicator gestural support has a direct effect on the indicator postural 
support.
H6. The indicator postural support has a direct effect on the indicator quality of 
gesture.
H7. The indicator gestural support has a direct effect on the indicator quality of 
gesture.
On top of these seven hypothetical relations, we added three additional ones. These were 
aimed at disclosing relationships between indicators of focused attention and valence 
pertaining to the same body part (i.e., head, torso, arms/hands).
H8. The indicator gaze toward activity has a direct effect on the indicator gestural 
support.
H9. The indicator lean toward activity has a direct effect on the indicator postural 
support.
H10. The indicator reach out activity has a direct effect on the indicator quality of 
gesture.
8.4 Results of SEM
The model in Figure 26 depicts all the hypothetical relationships between variables (H2-H7: 
blue arrows, H8-H10: red arrows). We tested this model using SEM with the software SPSS 
Amos 22.0. The dataset used to test this model was the same used to test the theory-driven 
model of engagement. The observed variables in blue – gaze toward activity, lean toward 
activity, and reach out activity – are the indicators of focused attention. The observed 
variables in violet – gestural support, postural support, and quality of gesture – are the 
indicators of valence.
We ran SEM twice using the data from both activities (N= 84). The first time, we calculated 
the Mahalanobis distance and identified the farthest observations from the centroid 
ones. The second time, we fitted the model excluding the outlier observations (N= 7). The 
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model proved to be an excellent fit for the data (X2(6, N= 77)= 5.866, p= .436; RMSEA= .000; 
NFI= .970; CFI= 1.000; RFI= .896; PNFI= .277) and almost all the hypothesized relations (H1-
H10) between observed variables were significant (see Table 20 and Figure 26). H1 was 
confirmed by the goodness of fit of the model. H2-H10 (except H3) were confirmed both 
by the goodness of fit of the model and by the significance of the path estimates. The only 
postulated relation between variables that was not significant was the one between lean 
toward activity and reach out activity (H3). We ran two regression analyses to figure out 
whether this result depended on the behaviors directed towards the game or on those 
directed towards the partner. The results disclosed that near reach/lean toward game had 
a significant effect on manipulate game (β= .246, t(76)= 2.201, p< .05) and lean in partner 
had a significant effect on reach out partner (β= .231, t(76)= 2.057, p< .05). Compared to 
regression analysis, SEM calculates also an error term for the variables. Thus, the lack of a 
significant result for this relation depended on the size of the error term of the two variables 
and not on the lack of relationship between them.
With regards to the relationships between focused attention and valence, gaze toward 
activity and gestural support were connected by a positive regression, while lean toward 
activity and postural support and reach out activity and quality of gesture were connected 
Figure 26. Regression paths between indicators of focused attention and valence. Significance level of path 
estimates: † fixed factor, *< .05, **< .01, ***< .001
Chapter 8 | Construct Modeling: The Hierarchical Organization of Engagement-related Behavior
112
PSM 20180821 Proefschrift Giulia Perugia BW.indd   112 24-09-18   10:56
by negative regression paths. This result might be a consequence of the fact that, while 
gestural support is superimposed on gaze toward activity, postural support and quality of 
gesture are in fact subsets of lean toward activity and reach out activity. They are descriptions 
of how lean toward activity and reach out activity are performed.
Table 20. Path estimates of model
Hypothesized path Estimate S.E. C.R. p-value Hypothesis supported yes/no
H2 GAct → LTAct .372 .680 3.499 ***< .001 yes
H3 LTAct → RoAct .122 .060 1.079 > .05 no
H4 GAct → RoAct .349 .386 3.099 **< .01 yes
H5 GAct → Gest Sup .240 .099 2.159 *< .05 yes
H6 RoAct →  QoGest -.255 .017 -5.998 ***< .001 yes
H7 Gest Sup → Post Sup .390 .106 3.750 ***< .001 yes
H8 Post Sup → QoGest .845 .068 18.563 ***< .001 yes
H9 Gest Sup→  QoGest .112 .069 2.444 *< .05 yes
H10 LTAct → Post Sup -.218 .015 -2.102 *< .05 yes
Significance level: *< .05, **< .01, ***< .001.
8.5 Discussion
We called the model presented in this chapter, the Evidence-based MODel of Engagement-
related Behavior (EMODEB). The EMODEB is a model that describes the spread of behavior 
across body parts and details the relationships between the indicators of focused attention 
and valence of the theory-driven model of engagement. The EMODEB confirmed what 
postulated in chapter 7, that the indicators of focused attention and valence in the theory-
driven model of engagement were connected by regression paths. Moreover, it revealed that 
head behaviors (i.e., gaze toward activity and gestural support) and arms/hands behaviors 
(i.e., reach out activity and quality of gesture) are more crucial to measure engagement than 
torso behaviors (i.e., lean toward activity and postural support). Indeed, while the former 
constituted respectively the starting and the accomplishment of focused attention and 
valence, the latter just energized the passage of movement from the head to the arms/hands9.
8.5.1 Consequences for a Model of Engagement
In the economy of a good modeling of the construct of engagement for dementia, one of the 
principal consequences of the EMODEB is that head behaviors, torso behaviors, and arms/
9 The demonstration of this assertion is that the movement of the head can be sequenced into arms/hands without the 
involvement of the torso.
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hands behaviors do not have the same value in terms of focused attention and valence. 
Indeed, they are organized in a hierarchical way.
In order to account for the hierarchical structuring of the indicators of focused attention 
and valence, we computed the weighted averages of gaze toward activity (weight= .50), lean 
toward activity (weight= .10), and reach out activity (weight= .40), and of gestural support 
(weight= .50), postural support (weight= .10), and quality of gesture (weight= .40) and used 
them to quantify the two components of engagement in further versions of the model. 
The weights were chosen based on the EMODEB according to a three-point rationale: (i) as 
the behaviors of the head and arms/hands were the building blocks of focused attention 
and valence, they were assigned similar weights, (ii) as head behaviors were the initiators 
of focused attention and valence, they were assigned slightly higher weights than those 
assigned to arms/hands behaviors, and (iii) as torso behaviors had a marginal role in focused 
attention and valence, they were assigned much smaller weights than those assigned to 
head and arms/hands behaviors.
8.5.2 Consequences for the Measurement of Behavior
In the context of behavior measurement, the EMODEB complements the knowledge drawn 
in chapter 6 from the scoring of the behaviors in the ELICSE. Indeed, it has one important 
corollary: it enables us to make inferences regarding the meaning of different body 
configurations in terms of engagement intensity. According to the hierarchical ordering 
of behaviors in the EMODEB, we can score focused attention and valence along two 
categorical scales whose points are operationalized through body configurations. With 
regards to focused attention, we consider the person with dementia: 
1. Not attentive when all three body parts – head, torso, and arms/hands – are directed 
toward a focus other than the activity (none of the target head movements, none of 
the target torso movements, and none of the target arms/hands movements).
2. Passively attentive, when the head is the only body part directed toward the
activity, while the torso and the arms/hands are directed somewhere else (gaze 
toward activity, none of the target torso movements, and none of the target arms/
hands movements).
3. Ready to participate, when the head and the torso, but not the arms/hands are
directed toward the activity (gaze toward activity, lean toward activity, and none of 
the arms/hands movements).
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4. Moderately participating, when the head and the arms/hands, but not the torso
are addressing the activity (gaze toward activity, none of the torso movements, and 
reach out activity).
5. Fully participating, when all three body parts – head, torso, and arms/hands – are
directed toward the activity (gaze toward activity, lean toward activity, and reach
out activity).
With regards to valence, we consider the person with dementia as expressing:
1. Strong negative valence, when all three body parts – head, torso, and arms/hands 
– are involved in the expression of negative valence (negative gestural support, 
negative postural support, and negative quality of gesture).
2. Moderate negative valence, when the head and the arms/hands, but not the torso,
are involved in the expression of negative valence (negative gestural support, no
postural support, and negative quality of gesture).
3. Mild negative valence, when the head, but not the torso and the arms/hands,
are involved in the expression of negative valence (negative gestural support, no 
postural support, and no quality of gesture).
4. Neutral valence, when none of the body parts is involved in the expression of 
negative or positive valence (no gestural support, no postural support, and no 
quality of gesture).
5. Mild positive valence, when the head, but not the torso and the arms/hands, are
involved in the expression of positive valence (positive gestural support, no postural 
support, and no quality of gesture).
6. Moderate positive valence, when the head and the arms/hands, but not the torso,
are involved in the expression of positive valence (positive gestural support, no 
postural support, and positive quality of gesture).
7. Strong positive valence, when all three body parts – head, torso, and arms/hands 
– are involved in the expression of positive valence (positive gestural support, 
positive postural support, and positive quality of gesture).
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The scale of focused attention shares some similarities with the MPES (Judge et al., 2000) 
and the item attention of the OME (Cohen-Mansfield et al., 2009). However, it refers to 
specific body configurations in order to operationalize the different levels of engagement, 
and features also the behaviors of the torso as meaningful in engagement terms. The scale 
of valence shares some similarities with the item attitude of the OME. However, it does not 
rely on the subjective meaning of behavior to judge valence, but clearly maps each point of 
the scale to a specific body configuration. 
These scales clearly need to go through a process of validation. However, once validated, 
they might allow researchers to observe the temporal progression of focused attention and 
valence throughout an activity session and code engagement in its progression, as a time-
series data. For the time being and in the context of this thesis, all the constructs related to 
engagement are static and calculated globally for the whole session.
8.6 Conclusions
This chapter described the process that brought to light the existence of regression paths 
connecting the indicators of focused attention and valence of the theory-driven model 
of engagement. It outlined: (i) the identification of patterns in the way behavior spread 
across body parts, (ii) the translation of these patterns into regression paths connecting 
the indicators of focused attention and affect, and (iii) the testing of the regression paths 
through SEM. 
The main result of the chapter is the EMODEB, a model that describes the natural flow of 
engagement-related behavior across body parts in people with dementia. According to 
the EMODEB, the indicators of focused attention and valence are organized hierarchically 
and are not provided with the same measurement value. Thus, in a model of engagement, 
they need to be assigned weights and be compiled through weighted averages. One of the 
incidental contributions of the EMODEB is that it enabled us to describe the intensity of 
focused attention and valence in terms of body configurations and hence paved the way 
for the measurement of the temporal progression of engagement-related behavior in 
dementia.
In the next chapter, we present the development another measure of engagement, quantity 
of movement. This measure was partially inspired by the literature on the diagnosis of 
motivational disorders and partially inspired by the results of this chapter.
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9.1 Introduction
In this chapter, we describe the development of another measure of engagement for people 
with dementia, quantity of movement. This measure was not suggested by the literature 
on engagement. Instead, it was partially inspired by the hierarchical ordering of behaviors 
in the EMODEB and partially suggested by the knowledge drawn from studies regarding 
the diagnosis of apathy in dementia. In this chapter, we first explain the rationale behind 
the utilization of quantity of movement as a measure of engagement. Then, we detail the 
process of elimination of the invalid sessions of measurement and of feature extraction. 
Last, we present the results of concurrent validity and discuss them in detail.
9.2 Measurement Rationale
The introduction of quantity of movement as a measure of engagement had a twofold 
inspiration. First, it was suggested by a series of diagnostic studies regarding apathy in 
dementia. Second, it was a result of the EMODEB, specifically of the ranking of the behaviors 
of focused attention and valence belonging to different body parts (i.e., head, torso, arms/
hands).
With regards to diagnostic studies, a number of recent investigations uncovered that apathy 
can be more easily diagnosed by measuring the quantity of movement that people with 
dementia produce over long periods of time (hours, days, weeks). This could be pursued 
with a wrist-worn actigraph (i.e., an accelerometer) placed on the non-dominant wrist. 
Apparently, people with dementia-associated apathy have lower mean motor activity with 
respect to people affected by dementia alone (Volkers et al., 2003; David et al., 2010; David 
et al., 2012; Kuhlmei et al., 2013). As the inextricable inverse relationship between apathy 
and engagement in dementia is well-known to the literature (Robert et al., 2010; Dechamps 
et al., 2010; Mulin et al., 2011; Cohen-Mansfield et al., 2011), we assumed that quantity of 
movement on the wrist could increase as a result of engagement in the same way as it 
decreased as a consequence of apathy.
With regards to the EMODEB, one of the main corollaries of the model was that arms/hands 
behaviors constituted the accomplishment of the movement performed by the person 
with dementia to reach the game or the partner and that the highest intensity of focused 
attention and valence was represented by body configurations involving the arms/hands 
and not just the head and the torso. As a consequence of this outcome, we assumed that 
we could measure the amount of participation of the person with dementia in the activity 
by assessing the quantity of movement on the wrist.
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Drawing inspiration from these considerations, we exploited the database of accelerometer 
data collected with the E4 wristband during the experimental sessions and extracted from 
the signal features related to quantity of movement. Then, we attested the concurrent 
validity of quantity of movement as a measure of engagement by correlating the features 
extracted from the accelerometer signal with the gold standard observational measures, 
the OME and the OERS.
9.3 Identification and Exclusion of Invalid Measurements
In the database of accelerometer signals, just one session was missing and the others were 
all valid in terms of measurement. However, due to problems encountered in placing the 
wristband on the non-dominant wrist of participants (e.g., bruises due to dialysis), some 
accelerometer data were collected from the dominant wrist (15 sessions overall), and thus 
could not be used for further analyses. From the diary that we kept during data collection 
(see Chapter 5), we were able to retrieve the sessions collected on the dominant wrist and 
discard them. As a result, the database of accelerometer data employed for analysis was 
composed of 68 sessions of data: 32 of game-based cognitive stimulation and 32 of robot-
based free play.
9.4 Feature Extraction
The accelerometer features of quantity of movement were extracted from one window: the 
activity phase (duration: ~20-25 minutes). This was the phase of the experimental session 
where participants completed the three board games or played with the pet robot Pleo. In 
order to extract features from the window, we inputted in Matlab the same synchronization 
files used for EDA.
We did not perform any pre-processing of the accelerometer signal before feature 
extraction. This was for two reasons: (1) the features to which we were interested concerned 
the amount of variation in the signal and not the specific qualities of its behavior and (2) 
the participants did not displace nor they moved abruptly and excessively during activities, 
thus the amount of noise in the signal was rather low. 
With regards to the selection of accelerometer features, we could not rely on previous 
literature. Indeed, Volkers et al. (2003), David et al. (2010), David et al. (2012), and Kuhlmei 
et al. (2013) did not extract features from the raw accelerometer signal, but relied on the 
counts of supra-threshold movements on the wrist provided by an actigraph. We assumed 
that the most adequate accelerometer feature of quantity of movement could be the signal 
magnitude area of the acceleration. This gauges the amount of variation in the accelerometer 
signal within a certain window. We extracted two features from the accelerometer signal 
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with the software Matlab: (i) the signal magnitude area of the module of the three axes (SMA 
AccM) following Equation (a) and (2) the summation of the signal magnitude areas of the 
three axes (SMA AccS) as defined in Equation (b). The former is more related to the general 
quantity of movement, the latter is more related to the variability of movements.
𝑆𝑆𝑆𝑆𝑆𝑆$ = ∑ '(𝑥𝑥*
+ + 𝑦𝑦*
+ + 𝑧𝑧*
+'𝑑𝑑𝑑𝑑	2*34 (a)
𝑆𝑆𝑆𝑆𝑆𝑆5 = ∑ |𝑥𝑥*|𝑑𝑑𝑑𝑑	
2
*34 + ∑ |𝑦𝑦*|𝑑𝑑𝑑𝑑	
2
*34 + ∑ |𝑧𝑧*|𝑑𝑑𝑑𝑑	
2
*34 (b)
(a)
(b)
Xi, Yi , Zi are the acceleration on the X, Y and Z axes in the i sample. T is the length of the 
window measured in number of samples.
9.5 Concurrent Validity
To verify the concurrent validity of quantity of movement as a measure of engagement, 
we extracted the accelerometer features from all the valid sessions in the database. 
Then, we ran a Spearman rank correlation (one-tailed, listwise exclusion of cases, NGBCS= 
34, NRBFP=  34) between SMA AccM and SMA AccS and the items of the OME and OERS (see 
Table 21). In the game-based cognitive stimulation:
1. The item attention of the OME was significantly positively correlated with SMA AccM 
(rs(32)= .407, p= .008) and SMA AccS (rs(32)= .350, p= .021).
2. The item attitude toward game of the OME was significantly positively correlated 
with SMA AccM (rs(32)= .431, p= .005) and SMA AccS (rs(32)= .366, p= .017).
3. The item attitude toward partner of the OME was significantly positively correlated 
with SMA AccM (rs(32)= .350, p= .021) and SMA AccS (rs(32)= .293, p= .046).
4. The item cognitive difficulty of the OME was significantly negatively correlated with 
SMA AccM (rs(32)= -.451, p= .004) and SMA AccS (rs(32)= -.372, p= .015).
With regards to robot-based free play:
1. The item attitude toward game of the OME was significantly positively correlated 
with SMA AccM (rs(32)= .476, p= .002) and SMA AccS (rs(32)= .472, p= .002).
2. The item pleasure of the OERS was significantly positively correlated with SMA AccM 
(rs(32)= .415, p= .007) and SMA AccS (rs(32)= .426, p= .006).
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We found two additional significant correlations in the robot-based free play. However, as 
they involved the items anger and sadness of the OERS, we excluded them due to the scarce 
variability of these items throughout the whole dataset.
Table 21. Concurrent validity of quantity of movement for game-based cognitive stimulation and robot-
based free play: correlations tested (in bold the significant ones: *≤.05, **<.01, ***<.001) 
GAME-BASED COGNITIVE STIMULATION ROBOT-BASED FREE PLAY
CORRELATION
OME & OERS/ QUANTITY OF 
MOVEMENT*1
SMA 
AccM
SMA 
AccS
CORRELATION
OME & OERS/ QUANTITY OF 
MOVEMENT*2
SMA 
AccM
SMA 
AccS
Attention r(s) .407 .350 Attention r(s) .164 .154
p-value **.008 *.021 p-value .176 .192
Attitude game r(s) .431 .366 Attitude game r(s) .476 .472
p-value **.005 *.017 p-value **.002 **.002
Attitude partner r(s) .350 .293 Attitude partner r(s) .036 .013
p-value *.021 *.046 p-value .419 .470
Cognitive difficulty r(s) -.451 -.372 Pleasure r(s) .415 .426
p-value **.004 *.015 p-value **.007 **.006
Pleasure r(s) .184 .210 Anger r(s) -.492 -.474
p-value .148 .117 p-value **.002 **.002
Anger r(s) .019 .032 Anxiety/Fear r(s) -.183 -.182
p-value .457 .429 p-value .151 .152
Anxiety/Fear r(s) .044 .071 Sadness r(s) -.396 -.362
p-value .402 .345 p-value **.010 *.018
Alertness r(s) -.022 -.056 Alertness r(s) .167 .157
p-value .450 .377 p-value .172 .187
*1 The item sadness of the OERS did not yield any significant result, hence it does not appear in the list
*2 The item cognitive difficulty of the OME did not yield any significant result, hence it does not appear in the list
9.6 Discussion
The analysis of concurrent validity revealed a good correlation tendency between the 
features of quantity of movement and the items of the OME and OERS. Quantity of 
movement was highly correlated with all the items of the OME in game-based cognitive 
stimulation. Moreover, it was closely related to the items of the OME and OERS depicting 
positive valence in robot-based free play.
As suggested at the beginning of the chapter, quantity of movement increased as a result 
of engagement as much as it decreased as a consequence of apathy. Indeed, in our sample, 
participants with motivational disorders (i.e., apathy and depression) showed much lower 
quantity of movement during activities than participants without such disorders (see Figure 
27 and Appendix F for the results of the analysis), a dynamic that was not equally visible 
when participants were clustered according to dementia severity (mild vs moderate).
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The correlations with the OME and OERS did not just provide information on the concurrent 
validity of quantity of movement, but also confirmed some of the dynamics observed 
and discussed in the previous chapters, for instance, that in the game-based cognitive 
stimulation, the interaction with the partner entailed a high degree of engagement in the 
activity, while the perceived cognitive difficulty of the game was a deterrent to engagement. 
Also, they confirmed that, in robot-based free play, when people were engaged, they were 
so in a positive affective manner.
As quantity of movement measures the amount of movement of the arms/hands during 
activities, we considered it a good measure of attention. In the final model of engagement 
presented in the next chapter, the two features that we extracted from the accelerometer 
signal are used as indicators of the latent variable participation together with the weighted 
average of focused attention obtained by compiling gaze toward activity, lean toward 
activity, and reach out activity.
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Figure 27. Plots of effects of motivational disorders on quantity of movement. In the top plot, the 
accelerometer signal of a participant with apathy, in the bottom plot, the accelerometer signal of a 
participant without motivational disorders. The two participants were involved in the same activity session
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9.7 Conclusions
In this chapter, we presented the last measure of engagement deployed in the context of 
this dissertation, quantity of movement. As a measure, quantity of movement gauges the 
amount of arms/hands behavior of people with dementia during activities with a wrist-
worn triaxial accelerometer. In the chapter, we described the rationale that guided us in the 
conception of the measure, the process of feature extraction, and the results of concurrent 
validity. As quantity of movement achieved a good concurrent validity, it will be introduced 
in the final model of engagement that we describe and test in the next chapter of the thesis.
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10.1 Introduction
In this chapter, we present and test the final model of engagement for dementia. First, we 
describe the process through which we modified the theory-driven model of engagement 
to accommodate the results of chapter 8 and 9 and obtained the final model of engagement. 
Second, we define the components of engagement in the model, their measures, and the 
relationships that they entertain. Last, we test the final model of engagement with SEM, 
and discuss its results and implications for the measurement of engagement in dementia.
10.2 Stock of the Situation
In chapter 7, we tested the theory-driven model of engagement and uncovered that the 
model abridging the knowledge drawn from the literature was not a good structural 
representation of engagement in dementia. Consequently, we hypothesized the existence 
of four sources of misspecification whose testing could bring to a model of engagement for 
dementia more consistent with the data. The hypothetical sources of misspecification of 
the theory-driven model of engagement were: (i) the presence of hidden regression paths 
between the indicators of focused attention – gaze toward activity, lean toward activity, 
and reach out activity, (ii) the existence of hidden regression paths between the indicators 
of valence – gestural support, postural support, and quality of gesture, (iii) the bivariate 
distribution of valence and arousal, and (iv) the instability of the correlation between 
focused attention and valence.
In chapter 8, two of these sources of misspecification were confirmed, namely those 
regarding the behavioral/expressive level of measurement. Indeed, we brought to light the 
existence of regression paths connecting the indicators of focused attention and valence 
of the theory-driven model of engagement. These paths described the way engagement-
related behavior spread across body parts, and were condensed in a dedicated model, the 
EMODEB. According to the EMODEB, the indicators of focused attention and valence were 
organized hierarchically and hence did not have the same measurement value. In the final 
model of engagement that we present in this chapter, focused attention was computed as 
the weighted average of gaze toward activity, lean toward activity, and reach out activity, 
while valence was calculated as the weighted average of gestural support, postural support, 
and quality of gesture. The entity of the weights was determined based on the ranking of 
the indicators in the EMODEB as detailed in chapter 8.
In chapter 9, we presented a further measure of engagement, quantity of movement. 
This was inspired by the EMODEB and further corroborated by a number studies on the 
diagnosis of apathy in dementia. Quantity of movement was measured by extracting two 
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features from the triaxial accelerometer signal, SMA AccM and SMA AccS. As these features 
assessed the amount of arms/hands behavior of participants, they were considered 
particularly suited to quantify the degree of participation in the activity. In the final model 
of engagement, we employed SMA AccM and SMA AccS to measure the latent variable 
participation together with the now observed variable focused attention.
With regards to the last two potential sources of misspecification, as they regarded the 
relationships between the components of engagement, we utilized them to inform the 
structuring of the final model of engagement. The postulated bivariate distribution 
of valence and arousal entailed that arousal could grow not just as a result of positive 
valence, but also as a consequence of negative valence. In the final model of engagement, 
we removed the latent variable core affect and connected arousal and valence with a 
covariance path. This way the relationship between arousal and valence was left free to 
turn negative, positive, or to be non-significant.
For what concerns the instability of the correlation between focused attention and valence, 
it implied that focused attention could be correlated as well as uncorrelated with valence. 
Indeed, during activities, we observed situations where participants were strongly focused 
on the activity, but displayed behaviors of negative valence, situations where participants 
were paying attention to the activity, but showed neutral valence, and also situations 
where the allocation of attentional resources to the activity was the trigger of positive 
valence. In the final model of engagement, the latent variable participation and the now 
observed variable valence were connected with a covariance path. This way they were left 
free to correlate or not.
10.3 Final Model of Engagement
In summary, with respect to the theory-driven model of engagement, in the final model of 
engagement:
1. Focused attention was computed as the weighted average of gaze toward activity, 
lean toward activity, and reach out activity and thus ceased to be a latent variable.
2. Valence was calculated as the weighted average of gestural support, postural 
support, and quality of gesture and thus ceased to be a latent variable.
3. SMA AccM and SMA AccS were added to the model and employed to measure the 
latent variable participation together with the now observed variable focused 
attention.
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4. The latent variable core affect was removed and arousal and valence were
connected with a covariance path.
5. The latent variable participation and the now observed variable valence were
connected with a covariance path.
Also, but this was not suggested by the analyses:
6. The latent variable participation was connected to the latent variable arousal by a
covariance path.
This last modification of the theory-driven model of engagement was suggested by the 
fact that, according to the literature, arousal does not grow just as a result of episodes of 
excitement and anxiety, but also as a consequence of attentional allocation (Andreassi, 
2010). As participation is the voluntary focus of attention on a limited stimulus field that 
is proactively given, we assumed that it could correlate with arousal, and thus added the 
covariance path at point 6.
In conclusion, the only variable that remained untouched in the passage from the theory-
driven model of engagement to the final model of engagement was arousal. This was still 
measured with the latent variables tonic and phasic EDA, which were respectively assessed 
through the features MEAN EDA, STD EDA, and SUM H EDA and through the features SMA 
EDA and NPR EDA. The final model of engagement that we have described is presented in 
Figure 28.
10.4 Hypothesized Relations between Components
According to the changes made to the theory-driven model, engagement is not anymore 
a latent variable from whom the different components of engagement derive, but 
a correlational concept arising from the relationships between three components: 
participation, valence, and arousal. Participation refers to the act of taking part in the 
activity by proactively manipulating the game and interacting with the partner(s) and 
ranges from passive to full participation. Arousal is the degree of sympathetic activation 
of the participant during the activity and ranges from low to high arousal. Last, valence 
is the hedonic tone expressed by the participant during the activity and ranges from 
negative to positive valence. Following the arguments presented in the previous sections, 
we hypothesized that in engagement:
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a. The relationship between arousal and participation remains stable. It is always
positive.
b. The relationship between arousal and valence is mutable. For instance, it can be
positive in activities where valence is mostly positive, it can be negative in activities 
where valence is mostly negative, and it can be non-significant in activities where
valence is mostly neutral, in activities where valence spans from negative to
positive, or in activities where arousal or valence do not vary consistently.
c. The relationship between participation and valence is mutable. For instance, it can
be positive in activities where participation is mostly positive, it can be negative in
activities where participation is mostly negative, and it can be non-significant in
activities where participation is mostly neutral, in activities where participation
spans from negative to positive, or in activities where participation or valence do
not vary consistently.
In the model in Figure 28, the dotted curvilinear paths express the correlations that can 
vary across activities, while the continuous curvilinear paths refer to the correlation that 
are stable across activities.
Figure 28. Final model of engagement. The dotted curvilinear paths refer the correlations that can vary 
across activities, the continuous curvilinear path refers to the correlation that is stable across activities
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10.5 Model Testing
Before running the final model of engagement with SEM, we used regression imputation 
to assign values to the missing cases of SMA AccM and SMA AccS (Schumacker and Lomax, 
2016). This was possible as the database of accelerometer data contained a moderate 
number of missing cases (19%) and the data were missing completely at random (MCAR). 
Also, we ran some preliminary analyses. First, we calculated the sampling adequacy of the 
dataset (KMO= .662). Then, we ran an exploratory factorial analysis (EFA) using a principal 
component method of extraction and a varimax method of rotation to confirm that the 
indicators of the components of engagement were exactly those hypothesized by the final 
model. The EFA showed satisfying factor loadings for all observed variables (> .400; Wayne 
et al., 1982). As expected, we found three factors (See Table 22). Factor 1 (i.e., participation) 
included the observed variables SMA AccM, SMA AccS, and focused attention. Factor 2 (i.e., 
tonic EDA) included the observed variables STD EDA, SUM H. EDA, and MEAN EDA. Last, 
factor 3 (i.e., phasic EDA) included the observed variables SMA EDA and NPR EDA. As 
supposed, valence was not grouped under any of these factors.
Table 22. Factor loadings and Cronbach’s α
FEATURE/SCORE FACTOR LOADINGS*
1 2 3
SMA AccM .959 .103 .141
SMA AccS .959 .147 .104
B. ENGAGEMENT .422 .073 -.364
Cronbach’s α based on standardized item= .725
STD EDA -.050 .882 .190
SUM H. EDA .061 .858 .310
MEAN EDA .145 .885 .068
Cronbach’s α based on standardized item= .894
SMA EDA .094 .119 .893
NPR EDA .149 . 047 .881
Cronbach’s α based on standardized item= .815
VALENCE .044 .376 .213
In bold, factor loadings >.400
As a last step, we calculated the Cronbachs’s α coefficients for each of the factors highlighted 
by the EFA. The results were very good. Indeed, all factors achieved an alpha higher than 
.70, which is the cutoff score for reliability (Santos, 1999). Factor 1 had a Cronbach’s α of .725, 
factor 2 had a Cronbach’s α of .894, and factor 3 had a Cronbach’s α of .815 (see Table 22). 
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The α coefficients reported here were calculated based on standardized items. We opted 
for this method of calculation to compensate for the mixed nature of the observed variables 
in the model (i.e., interval variables and ratio variables; Santos, 1999).
We ran the final model of engagement using SEM with the software SPSS AMOS 22.0. The 
test of the model was performed twice using the data from both activities (N= 84). The first 
time, we ran the model with outliers, the second time without outliers. The model proved 
to be an excellent fit for the data in both cases (test with outliers: X2(24, N= 84)= 30.793, 
p= .160; RMSEA= .058; NFI= .937; CFI= .985; RFI= .906; PNFI= .625; test without outliers: X2(24, 
N= 78)= 30.809, p= .159; RMSEA= .058; NFI= .935; CFI= .984; RFI= .878; PNFI= .499) and all 
the regression paths leading to the observed variables were significant (see Figure 29 and 
Table 23).
Figure 29. Final model of engagement with path estimates (without outliers). Significance level: † fixed 
factor, *< .05, **< .01, ***< .001
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Table 23. Path estimates of final model of engagement
Regression Paths Estimate S.E. C.R. p-value
PARTICIPATION → SMA ACCM .976 .008 39.06 ***< .001
PARTICIPATION  → SMA ACCS †1.000 / / /
PARTICIPATION → FOCUSED ATTENTION .225 56.74 2.026 *< .05
AROUSAL → PHASIC EDA †.694 / / /
AROUSAL → TONIC EDA .536 94.90 2.184 *< .05
PHASIC EDA → SMA EDA †.875 / / /
PHASIC EDA → NPR EDA .787 1174.130 4.149 ***< .001
TONIC EDA →  STD EDA †.846 / / /
TONIC EDA →  SUM H. EDA .886 .158 9.112 ***< .001
TONIC EDA →  MEAN EDA .840 .255 8.674 ***< .001
Covariance Paths Estimate S.E. C.R. p-value
AROUSAL ←→  PARTICIPATION .405 .000 2.238 *< .05
PARTICIPATION ←→ VALENCE .099 .010 .866 > .05
VALENCE ←→ AROUSAL .388 .000 2.126 *< .05
† fixed factor, *< .05, **< .01, ***< .001
10.5.1 Model Testing with Single Activities
The final model of engagement was tested also for the single activities. We employed the 
data without outliers to perform the analyses (NGBCS= 39; NRBFP= 39). The model proved to be 
an excellent fit both for game-based cognitive stimulation (X2(25, N= 39)= 24.607, p= .485; 
RMSEA= .000; NFI= .903; CFI= 1.000; RFI= .825; PNFI= .502; see Figure 30) and for robot-based 
free play (X2(23, N= 39)= 29.056, p= .178; RMSEA= .080; NFI= .898; CFI= .975; RFI= .801; PNFI= 
.459; see Figure 31). However, in robot-based free play, we needed to add a correlation path 
between the error term of focused attention and the error term of valence to stabilize the 
model. 
With regards to path estimation, most of the regression weights were significant in robot-
based free play. Conversely, some of them were not significant in game-based cognitive 
stimulation and might have influenced the lack of significance of some of the covariance 
paths. As the goodness of fit was nearly perfect for this latter activity, we attributed the 
issue to the low sampling adequacy of the dataset (KMOGBCS= .563; KMORBFP= .641), and based 
our conclusions on the model on the size of the estimates and not on their significance.
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Figure 30. Path estimates for game-based cognitive stimulation. Significance level: † fixed factor, *< .05, 
**< .01, ***< .001
Figure 31. Path estimates for robot-based free play. Significance level: † fixed factor, *< .05, **< .01, ***< .001
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10.6 Discussion
We called the final model of engagement described in this chapter the ENGAGE-DEM. 
The ENGAGE-DEM constitutes a framework to measure engagement in dementia in all 
its components without the necessity to resort to the experiential/subjective response 
system. The test of the model confirmed that the components of engagement are three: 
participation, arousal, and valence and that these components can be measured with the 
behavioral/expressive and peripheral-physiological measurement techniques presented 
in the dissertation: EDA, the ELICSE (in the hierarchical structure defined by the EMODEB), 
and quantity of movement. Moreover, the testing of the ENGAGE-DEM confirmed that 
the relationships entertained by the different components of engagement were those 
hypothesized at the beginning of the chapter. Indeed: 
1. The relationship between arousal and participation was stable. It was positive 
when the model was tested with the complete dataset (r(76)= .405, p< .05), when it 
was tested with the dataset of robot-based free play (r(76)= .559, p< .05), and when 
it was tested with the dataset of game-based cognitive stimulation (r(76)= .531, 
p> .05; non-significance presumably due to the low sampling adequacy).
2. The relationship between arousal and valence changed across activities. It was 
positive when the model was tested with the complete dataset (r(76)= .388, p< .05), 
when it was tested with the dataset of robot-based free play (r(76)= .585, p< .01), and 
when it was tested with the dataset of game-based cognitive stimulation (r(76)= 
.307, p> .05; non-significance presumably due to the low sampling adequacy). 
However, it varied in strength. It became always stronger (see covariance estimates 
in Figures 29, 30, and 31) with the increase of positive valence (positive valence: 
robot-based free play > complete dataset > game-based cognitive stimulation).
3. The relationship between participation and valence changed across activities. It 
was very low when the model was tested with the complete dataset (r(76)= .099, 
p> .05), slightly negative when the model was tested with the dataset of game-
based cognitive stimulation (r(76)= -.149, p> .05), and positive when the model was 
tested with the dataset of robot-based free play (r(76)= .550, p< .005).
With regards to the relationship between participation and valence, in robot-based free 
play, participation was positive to such an extent that, by replacing focused attention with 
valence, the ENGAGE-DEM became a better fit for the data (X2(17, N= 39)= 19.791, p= .285; 
RMSEA= .063; NFI= .923; CFI= .987; RFI= .837; PNFI= .436; see Figure 32). This is equivalent to 
saying that, when participation is positive, valence can take the place of focused attention 
as most of the focused attention is positively given.
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Figure 32. Modification of final model of engagement for robot-based free play. Significance level: † fixed 
factor, *< .05, **< .01, ***< .001
To conclude, the ENGAGE-DEM enabled us to satisfy two requirements for a proper 
measurement framework of engagement in dementia: (i) identify the components 
of engagement and their boundaries and (ii) profile the expression of engagement by 
determining the relationships among its different components and measures. Moreover, its 
testing allowed us to reply to the following research questions: what are the relationships 
between the different components of engagement? 
10.6.1 Reflections on Engagement
The last research question that we need to respond to is: which conclusions can be drawn 
from the relationships between the components of engagement regarding the functioning 
of engagement in dementia? Taking inspiration from this question, we detail a number of 
considerations on engagement that the literature overlooks.
Engagement is not just positive. In spite of the fact that most of the literature defines 
engagement as a construct imbued with exclusively positive traits, the lack of fit of the 
theory-driven model and the goodness of fit of the ENGAGE-DEM substantiate the fact 
that engagement can be positive, but also neutral and negative. Positive engagement is a 
form of engagement, the most intense and, certainly, the most desirable in clinical terms. 
However, it is not engagement itself. In this sense, we would like to promote a different 
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and more consistent definition of engagement for dementia and thus meet one of the first 
requirements of a proper measurement framework of engagement: deploy a definition 
of engagement capturing its true connotation. Engagement is the degree of proactive 
participation in an activity that can take different hedonic tones and achieve different 
levels of energy mobilization.
Disengagement is a form of engagement that does not have the activity as a focus. Despite 
the literature describes disengagement as lack of engagement, the body of work carried out 
for this dissertation restituted a different perspective. Indeed, across activities, we noticed 
that what we considered disengagement was in most cases a form of engagement directed 
toward a focus other than the activity: one’s own body, the objects in the environment (e.g., 
paintings, a sewing machine, a bird outside the window), the persons in the environment 
(e.g., the experimenter). In light of this, the component participation of the ENGAGE-DEM 
assumes a very important role. Indeed, it serves to establish that the increase or decrease 
in valence and arousal is due to the engagement in the activity and not to the engagement 
with elements other than the activity (i.e., disengagement). 
Different activities have different engagement potentials. Not all the activities for people with 
dementia are susceptible to reach the highest degree of engagement (full participation-high 
arousal- positive valence). For instance, in our experimental study, game-based cognitive 
stimulation could reach a neutral to somewhat positive engagement, whereas robot-based 
free play could achieve highly positive engagement. In research, the engagement potential 
needs to be taken into account when selecting activities as experimental conditions, as it 
defines which activities are really comparable in engagement terms. 
Different people with dementia have different engagement potentials. Not all people with 
dementia are able to reach the highest degree of engagement. People with dementia 
differ in many respects, for instance in terms of mobility, dementia severity, sensorial 
impairment, and behavioral disturbances. These differences affect the level of engagement 
that a person with dementia can reach already at baseline. In this sense, it is extremely 
important to profile people with dementia according to their characteristics and establish 
their engagement baselines in order to truly understand whether their engagement 
increases over time or across experimental conditions. 
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10.7 Conclusions
In this chapter, we presented and successfully tested the final model of engagement for 
dementia, the ENGAGE-DEM. This model was the result of a progressive refinement of the 
theory-driven model of engagement and represents the main milestone of this dissertation. 
The ENGAGE-DEM constitutes a framework to measure engagement in dementia with 
objective measures pertaining to the behavioral/expressive and peripheral-physiological 
response systems. It details the components of engagement, how these are measured 
with the tools deployed throughout the thesis, and which relationships they entertain. 
The ENGAGE-DEM achieved an excellent goodness of fit both for the complete dataset 
and for the datasets of the single activities and, to the best of our knowledge, is the first 
formalization of the functioning of engagement in dementia.
The ENGAGE-DEM model could contribute to several domains of knowledge. It could 
benefit the field of nursing research since it could prompt a better understanding of the 
person with dementia and enable a more informed choice of meaningful activities. It could 
be an aid for designers aiming to test the user experience of playful technologies for people 
with dementia. Last, it could be used to enable socially interactive robots and interactive 
playful technologies to detect the engagement state of the person with dementia online 
and react accordingly.
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11.1 Introduction
This chapter is aimed at summarizing the results and limitations of this dissertation. In the 
first part of the chapter, we detail the answers that we gave to the research questions posed 
in the Introduction. In the second part of the chapter, we reflect on the limitations of this 
research and on how prospective research should address them. Moreover, we envision 
one of the scientific scenarios that this research might generate and discuss how to face its 
ethical implications.
11.2 Research Questions
This thesis had a twofold objective. On the one hand, it was aimed at exploring and 
validating novel techniques to measure engagement in dementia at a behavioral/expressive 
and peripheral-physiological level. On the other hand, it was aimed at building a model of 
engagement for dementia detailing the main components of engagement, their measures, 
and their relationships. In this section, we summarize the answers to each of the research 
questions enlisted in the introduction, which have been discussed more extensively in the 
single chapters.
11.2.1 RQ1. How can engagement in dementia be measured?
RQ1a.  Can self-reports be employed as a gold standard of engagement in dementia? If not, 
which validated measures of engagement can be used as a gold standard?
During the exploratory study, we employed the SIQ to collect the opinions of participants 
regarding the three board games that we proposed them: (i) jigsaw and shape puzzles, (iii) 
a match with the tiles of domino, and (iv) a categorization game. We posed the questions 
in the SIQ to participants both between activities and at the end of the sessions. What 
we noticed was that participants struggled in recalling the activities to which they had 
participated and in ranking their different experiences. A noteworthy fact in this sense 
was that when, at the end of the session, participants were asked which activity they liked 
the most among the three proposed, they always chose the latest one, which was always 
different due to randomization. On top of this, the responses of participants seemed 
affected by a social desirability and an acquiescence bias. Indeed, participants tended to be 
overly positive in their responses and to endorse any statement made by the facilitator and 
the experimenter, regardless of its content. As a result of this evidence, we did not consider 
self-reports reliable enough to be used as a gold standard for concurrent validity.
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As a side remark, we would like to underline that the difficulty to self-report was observed 
in a sample of participants with mild and moderate dementia and therefore might not 
regard people diagnosed with very mild cognitive decline or MCI – the scores 2 and 3 of the 
Reisberg GDS. Also, these results do not mean to undermine the opinion of the person with 
dementia. We firmly believe that consulting the person with dementia regarding his/her 
activity preferences is of outmost importance. However, we retain that this should be done 
in a more qualitative and less quantitative way. As in the context of this research we needed 
a reliable and statistically valid quantitative measure of engagement as a gold standard, we 
decided to discard self-reports and resort to observational rating scales rated by experts – 
the OME and the OERS – as reference measures.
RQ1b.  Which peripheral-physiological measures can be employed to assess engagement in 
people with dementia? Are these peripheral-physiological measures appropriate to 
assess engagement?
The review of the literature performed in chapter 2 unveiled the existence of several 
peripheral-physiological measures of engagement. However, some of them were prone to 
provide results difficult to interpret in engagement terms and difficult to judge in terms of 
reliability in people with dementia, for instance HR and HRV. Others entailed methods of 
data collection way too intrusive for people with dementia, this is the case of EEG and facial 
EMG. Still others were simply not suited for field data collection, namely fNIRS, urinalysis, 
and hormone analysis. We identified in EDA the most reliable and less intrusive peripheral-
physiological measure of engagement. EDA measures the change in the skin conductance 
that derives from the activation of the SNS. The analysis of concurrent validity performed 
against the gold standard (i.e., OME and OERS) confirmed the appropriateness of EDA as a 
measure of engagement and brought us to include it in the list of measures to adopt in a 
model of engagement for dementia.
RQ1c.  Which behaviors externalize engagement in people with dementia? Are these 
behaviors appropriate to measure engagement?
We retrieved several behavioral measures of engagement in the literature. However, we did 
not consider them methodologically adequate to measure engagement in its complexity 
and entirety. On the one side, the available ethograms produced measurements of 
engagement segmented into many small pieces of information difficult to trace back 
to overall engagement states. On the other side, coding schemes grasped only some of 
the characteristics of engagement-related behavior, as they were fine-tuned to reply to 
specific research questions. In order to address the issues highlighted in the literature, we 
developed a dedicated coding system to measure engagement-related behavior across 
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activities, the ELICSE. The ELICSE was built following a mixed approach, ethographic and 
Laban-Inspired. Ethography served to deploy ethograms describing behavior in its more 
minute units, LMA to identify the underlying structure of behavior and create a coding 
system of engagement workable across activities. The ELICSE achieved an excellent IRR 
and a remarkable concurrent validity, hence the behaviors it featured were considered 
appropriate to measure engagement in dementia and were included in the model of 
engagement.
With respect to state of the art measurement techniques, the ELICSE has three crucial 
advantages: (1) it can be adapted to suit most of the activities provided with the 
characteristics described in chapter 3, (2) it can be modified to meet the characteristics of 
people with different levels of dementia (e.g., MCI, severe dementia), and (3) it can be used 
to measure behavior in its parts – as the overall duration of single behaviors – but also in its 
progression – as the succession of different body configurations.
With regards to this last point, in the process of construction of the model of engagement, 
we uncovered that the behaviors in the ELICSE were organized hierarchically and connected 
by regression paths depicting the way engagement-related behavior spread across body 
parts. The hierarchical organization of behavior was condensed in a model – the EMODEB – 
and can be used to infer different levels of engagement intensity, each operationalized with 
a different body configuration.
Within this dissertation, we developed a second measure of engagement that can be 
considered behavioral/expressive, quantity of movement. Quantity of movement is the 
amount of movement on the non-dominant wrist produced by people with dementia 
during activities and gauged with a triaxial accelerometer. As a measure, quantity of 
movement was not suggested by the literature on engagement. Instead, it was inferred 
from observed behavior and further endorsed by a number of articles regarding the use 
of actigraphy to diagnose apathy in dementia. Quantity of movement reached an optimal 
concurrent validity and thus was included in the final model of engagement.
As a side note, we would like to emphasize that also the observational rating scales OME 
and OERS fall within the behavioral/expressive measures of engagement. However, they 
differ from ethograms and coding schemes in that they do not directly measure behavior, 
but rather use behavior to operationalize engagement. For this reason, and also for their 
ordinal level of measurement, they were utilized as a ground truth, but not as measures of 
the components of engagement in the model.
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11.2.2 RQ2. What are the dynamics of engagement in dementia?
RQ2a.  What are the relationships between the different components of engagement? Which 
conclusions can be drawn from these relationships regarding the functioning of 
engagement in dementia?
The model of engagement developed in chapter 10 – the ENGAGE-DEM – constitutes the 
main milestone of this doctoral research. The ENGAGE-DEM is the result of a process of 
refinement of a model of engagement drawn from the literature – the theory-driven 
model of engagement – which proved to be misspecified. The ENGAGE-DEM features three 
components of engagement – participation, arousal, and valence – which are connected by 
correlation paths and assessed through the features of EDA, the features extracted from 
the accelerometer signal to gauge quantity of movement, and the aggregated scores of the 
behaviors in the ELICSE. According to the ENGAGE-DEM, the relationship between arousal 
and participation is stable and always positive, while the relationships between arousal 
and valence and between participation and valence change across activities and assume 
positive, negative, and non-significant values depending on the predominant affective 
state expressed by participants. The testing of the ENGAGE-DEM with SEM confirmed that 
the model was an excellent fit both for the complete dataset and for the datasets of the 
single activities. Moreover, it revealed that the relationships between the components of 
engagement varied as we had hypothesized.
As a result of the ENGAGE-DEM, we can state the following: 
1. The engagement of the person with dementia is defined by his/her level of 
participation (ranging from passive to full), his/her level of arousal (ranging from 
low to high), and his/her level of valence (ranging from negative to positive).
2. Arousal and participation are always positively correlated, while valence might be
correlated as well as uncorrelated with arousal and participation.
3. The state of engagement of the person with dementia can take on different 
forms, and range from passive participation/low arousal/negative valence to full 
participation/high arousal/positive valence.
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11.3 Limitations and Future Work
The research outlined in this dissertation has been mainly limited by the sample size and 
by its geographical uniformity. Future work should attempt to include a higher number of 
participants coming from diverse cultural and geographic backgrounds. Given the amount 
of structuring that the collection of multimodal data in dementia entails, one of the 
possible solutions to enlarge the sample size and include a wider spectrum of nationalities 
in the samples is for researchers to work in transnational networks and collect data using 
common procedures. If future research manages to increase the sample size of the studies 
on engagement in dementia, it could also attempt to test the reliability of cardiac measures 
as peripheral-physiological correlates of engagement. This can be achieved by profiling 
participants according to their type of cardiac disease and cognitive deterioration.
Another limitation of this work resides in the narrow range of activities used to test the 
model of engagement. Forthcoming research should test the goodness of fit of the 
ENGAGE-DEM in activities other than game-based cognitive stimulation and robot-based 
free play, in activities involving robots other than Pleo, and in activities that envisage a 
larger number of participants. Additional work should also be devoted to understand 
whether the ENGAGE-DEM and the measures in it could be adapted to accommodate 
the characteristics of people in the earlier (e.g., MCI) and in the more advanced stages of 
dementia (i.e., moderately severe to severe dementia).
Besides these methodological issues, future research should focus on validating the scales 
of focused attention and valence presented in chapter 8 and use them to code the progression 
of engagement-related behavior over the activity with a time-sampling technique. This is 
of crucial importance as it could enable to gauge behavior as a time-series data and thus 
measure the components of engagement and their relationships in their temporal evolution.
As a last note, we would like to bring the attention of the reader to the fact that the 
ENGAGE-DEM might constitute a reference framework for the automatic recognition of 
engagement in people with dementia. Indeed, the model features peripheral-physiological 
measures that are already gauged with unobtrusive sensors and behavioral/expressive 
measures that could be gauged with unobtrusive sensors (e.g., gaze, postures). The usage 
of sensing technologies to detect affective states in dementia is a completely new scientific 
field without an ethical regulation and without specific privacy boundaries. Prospective 
research should interrogate itself on the ethical implications of the application of affective 
computing to dementia, and draft a legal frame encompassing issues such as data 
protection, data portability, third uses of data, and legal liability (Fosch Villaronga, 2016). 
This way, the automatic recognition of engagement would be targeted to the enhancement 
of QoL without being detrimental to the rights of the person with dementia.
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Appendix A. The Ethnographic Study
This appendix describes the objectives, methods, and results of the first study carried out 
in the context of this doctoral research, the ethnographic study.
Objectives. The ethnographic study was meant to reply to the questions: how do activities 
for people with dementia work in a real-life environment? How can they be constrained for 
data collection? In this respect, the study had four objectives: (1) determine the exact 
profile of participants to be included in further studies (i.e., dementia severity, behavioral 
disturbances), (2) establish the participants’ group size and composition for the activities to 
be performed in subsequent studies, (3) identify the specific activities on which the model 
of engagement should focus, and (4) unveil how these activities are usually structured in 
the nursing home.
Participants. The participants that we observed over the course of the study were most 
of the residents of the nursing homes Redós de Sant Josep i Sant Pere (113 residents) and 
Casa d’Empara (78 residents) situated in the province of Barcelona. During observations, 
we specifically focused on nine of these residents. These had an age comprised between 79 
and 92 years (Mage= 85), a diagnosis of MCI, mild, and moderate dementia (scores of 3, 4, and 
5 at the Reisberg GDS), and different types of behavioral and psychological disturbances 
(i.e., apathy, depression, both of them, or none of them).
Design. The study was an ethnographic study conducted with a participant stance. For one 
month, we took part in the activities of the nursing homes together with the residents and 
interacted with them in their real-life environment. The activities to which we participated 
were the following: cognitive games, gymnastic, painting workshop, basketball, bocce, 
cooking workshop, memory workshop, reading/writing workshop, and music activity (i.e., 
singing). These activities were repeated weekly, thus we observed them more than once.
Measures. The study had a strongly qualitative character. We mainly collected notes and 
semi-structured interviews with stakeholders (i.e., residents, nurses, geriatrician, social 
educator, psychologist, and occupational therapist).
147
Ap
pe
nd
ic
es
PSM 20180821 Proefschrift Giulia Perugia BW.indd   147 24-09-18   10:56
Results. The observed activities could be grouped in three types: (1) those encompassing 
physical eff ort, for instance gymnastic, basketball, and bocce, (2) those encompassing the 
use of tangible artifacts, for instance cognitive games, the painting workshop, the cooking 
workshop, and the reading/writing workshop, and, last, (3) those encompassing the use 
of abstract artifacts (i.e., thought and music), for instance the memory workshop and the 
music activity. These activities were mostly carried out in large groups. Sometimes, they 
gathered 15-30 residents (see Figure A1) that participated to the same activity altogether 
(e.g. memory workshop, gymnastic). Other times, they gathered 50 residents clustered in 
small groups of four to fi ve persons that completed the activities on their own (e.g., cooking 
workshop, cognitive games). When activities entailed group participation, they consisted of 
three phases: a warm-up, the activity itself, and a conclusion. For instance, in the memory 
workshop, the activity was structured as follows: (i) warm-up phase: temporal and spatial 
orientation, (ii) activity: the specifi c cognitive and mnemonic exercises, and (iii) conclusion: 
listening and dancing to music.
The composition of the groups was quite heterogeneous. Participants in the activities 
had varying degrees of deterioration – usually spanning from MCI to severe dementia – 
and were aff ected by diff erent behavioral disturbances. In this respect, during group 
activities, we noticed that: (i) participants with less cognitive deterioration tended to take 
the lead, and outclass other participants, (ii) participants with MCI had a much higher 
ability to respond to activities and were considerably faster in reacting to stimulation with 
respect to participants with mild and moderate dementia, (iii) participants with mild and 
moderate dementia did not show steep diff erences in their responses, and (iv) participants 
with mild and moderate dementia had a much higher ability to respond to activities 
and were considerably faster in reacting to stimulation with respect to participants with 
severe dementia. Indeed, in some cases, residents with severe dementia fell asleep during 
activities or entered catatonic states. In addition to this, we observed that: (iv) regardless 
of dementia severity, participants with motivational disorders (i.e., apathy and depression) 
were more discontinuous in their responses to activities and had more blunted emotional 
reactions.
Figure A1. Activities of residents. On the left, the memory workshop; on the right, the gymnastic session 
(from elredos.cat)
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Discussion. As a result of the ethnographic study, we decided to focus on activities 
encompassing the use of tangible artifacts and entailing social interaction. Indeed, this 
category of activities could be extended to include technology-based activities. Moreover, 
we decided to adopt the observed structuring in three phases in the subsequent studies. 
With regards to group size, we resolved to reduce the size of groups to the minimum (i.e., a 
couple) to be still able to observe social dynamics, but at the same time have a control on 
lurking variables. Also, we chose to make group composition more homogenous by working 
with a sample of participants representative of dementia – people with mild and moderate 
dementia – but not at the early nor at the last stages of the disease. Last, we decided not to 
exclude participants with motivational disorders from the study, but to control the effect 
of apathy and depression on engagement.
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Appendix B. The Exploratory Study
this appendix summarizes the objectives, methods, and results of the exploratory study 
that was carried out before conducting the experimental study described in chapter 4.
Objectives. The exploratory study was meant to reply to the question: how can we bring 
the spontaneity of a real-life activity into an experimental set-up while at the same time 
measuring engagement in a sound manner? In this regard, the study had three objectives: 
(1) establish the setting of data collection, (2) determine the procedure of data collection, 
and (3) investigate the reliability of self-reports as a gold standard for the assessment of 
engagement. In order to pursue these objectives, we followed the guidelines resulting 
from the ethnographic study: (i) we constrained the setting and the group size of activities, 
(ii) we included in the study only participants with mild and moderate dementia, (iii) we 
employed one of the activities encompassing the use of tangible artifacts, and (iv) we 
structured it in three phases.
Participants. The participants taking part in the exploratory study were eight residents of 
the nursing home Redós de Sant Josep i Sant Pere situated in the province of Barcelona. 
They were aged between 78 and 92 years (Mage= 81) and had a diagnosis of dementia ranging 
from mild to moderate (scores of 4 and 5 at the Reisberg GDS; scores between 10 and 23 at 
the MEC).
Design. The exploratory study followed a repeated measures design. The selected 
participants were randomly coupled and took part in three activity sessions together. 
During these sessions, they were asked to play three board games: (1) puzzles (i.e., jigsaw 
and shape puzzles), (2) a match with the tiles of domino, and (3) a categorization game. The 
order of presentation of the three board games was randomized across sessions with a 
Latin squares technique and each activity was conducted by a facilitator (i.e., psychologist 
or social educator of the care facility) at the presence of an experimenter.
Measures. The study had an eminently methodological objective, thus it did not entail the 
use of measures other than self-reports. Also in the case of self-reports, the goal was not 
to assess which board game elicited more engagement in the person with dementia, but 
to judge whether self-reports could reliably grasp the experience of engagement of the 
person with dementia. To do so, we adopted the Subjective Impression Questionnaire (SIQ; 
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Wada et al., 2005) and adapted its questions to the context of board games. The questions 
were the following: (i) Was the game interesting/not interesting? (ii) Did you like/dislike the 
game? (iii) Was playing the game fun/boring? (iv) Would you want to join the activity again? 
The questions were asked by the facilitator during breaks in the activity. At the end of each 
session, participants were also asked which of the three games they preferred, and would 
be more interested in replicating. After sessions, the responses were transcribed to assign 
them a score on a five-point Likert scale.
The sessions of the exploratory study were video recorded.10 The videos were thoroughly 
observed and used to evaluate the appropriateness of the scenario of data collection. Also, 
they were used to familiarize more closely with the behavioral/expressive responses of the 
participants to the activities. 
Setting. The exploratory study took place in a small room usually destined to activities. 
During sessions, participants sat on the same side of the table, and two hand-held video 
cameras were positioned one in front of them, the other on their side. The experimenter sat 
in front of participants, while the facilitator was left free to displace, seat, or stand.
Procedure. Each session had three phases: (1) a warm-up phase, where the facilitator 
asked few riddles to the participants to get them accustomed to the activity set-up, (2) 
an activity phase, where participants played the three board games in randomized order, 
and (3) a wrap-up phase, where participants were asked to express which game they had 
preferred. During the activity phase, there was a break after each game was completed. 
During these breaks, participants were asked the questions of the SIQ relative to the just 
completed game. In view of the collection of physiological data, these breaks could serve 
to bring EDA back to baseline before the start of a new game. 
Results. The SIQ was difficult to collect in its entirety from both participants. Also, in most 
cases, responses were affected by a social desirability and acquiescence bias. Participants 
were overly positive in their reports and agreed with most of the statements of the 
facilitator and experimenter. Finally, we noticed that when, at the end of the session, 
participants were asked which game they liked the most and would have liked to replicate, 
they nearly always chose the latest one, which was always different due to randomization. 
We attributed this phenomenon to memory impairment. As a consequence of this scenario, 
we could not attribute scores to participants’ responses on a five-point Likert scale as 
suggested by Wada et al. (2005). 
10 In order to collect videos, we obtained an informed consent both from participants and from their legal guardians.
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With regards to the setting of the study, it proved to work well. The cozy room created a 
relaxed environment. Video cameras were well-positioned and enabled to collect quality 
data for behavioral analysis. The only inconvenient regarded the positioning of facilitators. 
They were sometimes off-camera, other times positioned in-between participants, still 
other times on the side of one of the participants. This latter positioning seemed to be 
perceived by the farthest participant as a preference statement in favor of the closest 
participant. In terms of group size and composition, we noticed that, albeit participants 
were arranged in couples, we could still observe a lot of social dynamics. Also, in spite of 
the different cognitive load of the activity on participants with mild and with moderate 
dementia, we could not observe consistent changes in engagement between them.
With respect to the procedure of data collection, the subdivision of the sessions in the 
exploratory study was poor. The warm-up phase was very hectic, thus not extendible to 
an experimental study aimed at collecting physiological data. Also, we realized that the 
breaks between games could not be used to bring arousal back to baseline in further 
studies. Indeed, during them, participants made lengthy autobiographical digressions 
susceptible to trigger peripheral activation. 
Discussion. As a result of the exploratory study, in the experimental study: (1) self-reports 
were discarded as means to collect a gold standard of engagement, as they were not 
considered reliable, (2) the setting of data collection was confirmed, but facilitators were 
asked to stand between participants during activities, (3) the group size and composition 
were considered adequate to promote social interaction, while at the same time controlling 
variables, and (4) the warm-up phase was turned into an habituation phase, while the 
breaks between games were removed.
As a follow-up of the exploratory study, we performed some trials to figure out how to 
collect the baseline of EDA. We attempted to collect the EDA baseline while participants 
were inactive, while they were conversing, and while they were listening to stories. This last 
task appeared to be the one eliciting the most neutral activation and was thus employed in 
the experimental study.
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Appendix C. Script for Facilitators
in this appendix, we present the scripts that facilitators followed during the sessions of 
the experimental study. First, we provide the script for game-based cognitive stimulation, 
then, the one for robot-based free play.
C1. Script for Game-based Cognitive Stimulation
1. Rest/conversation (5 minutes): once in the activity room, the participants seat 
on the same side of the table. Then, the facilitator and the experimenter start a 
conversation with them.
2. Introduction of activity (2 minutes): aft er this brief conversation, the facilitator 
explains the activities to the participants, shows them the video cameras and 
reminds them about the study to which they are participating11.
3. Wristband positioning (3 minutes): once the activity is introduced and 
participants agree to participate, the experimenter helps them to wear the 
wristbands (see Figure C1) and verifi es that both wristbands properly function.
 
Figure C1. Positioning of E4 wristband
4. Switch on wristband (1 minute): as soon as the wristbands are properly 
positioned, the experimenter switches them on (see Figure C1).
11 Note that participants were asked the informed consent well before the start of the data collection. At each session, we 
just wanted to be sure that they recalled the reason why they were participating in the study and agreed to proceed.
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5. Synchronization (1 minute): then, s/he synchronizes them with the video-footage 
by simultaneously pressing the tag buttons on the wristbands of both participants 
in front of the video cameras for one second.
6. Baseline collection (5 minutes): to facilitate the baseline collection, the 
facilitator reads a fairytale to the participants. The reading lasts five minutes. The 
experimenter notifies the facilitator when the five minutes have elapsed.
7. Jigsaw Puzzle12: After the baseline collection, the facilitator places the pieces 
of the first jigsaw puzzle on the table in the middle of the two participants. The 
participants complete three jigsaw puzzles presented in a progressive order of 
difficulty. The jigsaw puzzles are arranged in the right order by the experimenter 
before the session.
8. Shape Puzzle: once the jigsaw puzzles are completed, the facilitator proceeds to 
present the participants with the shape puzzles. S/he places the pieces of the shape 
puzzle on the table in front of the participants and the wooden board in which 
the pieces should be wedged in in the middle of participants. The participants 
complete three shape puzzles presented in a progressive order of difficulty. The 
shape puzzles are organized in the appropriate order by the experimenter before 
the session.
9. Dominoes: after the shape puzzles are completed, the facilitator presents the new 
game, the domino. S/he explains the rules of the domino match to the participants, 
places the tiles of the domino in a stack, and asks the participants to select seven of 
them. As soon as the participants choose their tiles, the match starts. Participants 
play just one match of domino.
 ∙ It is very important that the facilitator:
 ∙ Promotes a relaxed environment so that participants do not feel under test
 ∙ Checks that participants have equal access to the activity
 ∙ Repeats the rules of the game if participants are confused
12 Please note that the order of activity presented in this appendix is the one of the first session of game-based cognitive 
stimulation. Thus, it is not valid for all three sessions.
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 ∙ Helps participants in case of difficulty
 ∙ Places him/herself in the middle of the participants during the activity
10. Removal of the Wristband (5 minutes): Once the board games are completed, 
the facilitator ends the activity. As the activity is concluded, the experimenter 
switches off the wristbands and removes them from the wrists of participants. 
Then, s/he switches off the video cameras.
11. Observational rating scales: at this point, the facilitator helps the participants 
to go back to their units and, when back, fills out the observational rating scales 
(OME and OERS).
155
Appendix C. Script for Facilitators
Ap
pe
nd
ic
es
PSM 20180821 Proefschrift Giulia Perugia BW.indd   155 24-09-18   10:56
C.2 Script for Robot-based Free Play
1. Rest/conversation (5 minutes): once in the activity room, the participants seat 
on the same side of the table. Then, the facilitator and the experimenter start a 
conversation with them.
2. Introduction of activity (2 minutes): aft er this brief conversation, the facilitator 
explains the activities to the participants, shows them the video cameras and 
reminds them about the study to which they are participating13.
3. Wristband positioning (3 minutes): once the activity is introduced and 
participants agree to participate, the experimenter helps them to wear the 
wristbands (see Figure C2) and verifi es that the wristbands properly function.
4. Switch on wristband (1 minute): as soon as the wristbands are properly 
positioned, the experimenter switches them on (see Figure C2).
 
Figure C2. Positioning of E4 wristband
5. Synchronization (1 minute): then, s/he synchronizes them with the video-footage 
by simultaneously pressing the tag buttons on the wristbands of both participants 
in front of the video cameras.
6. Baseline collection (5 minutes): to facilitate the baseline collection, the 
facilitator reads a fairytale to the participants. The reading lasts fi ve minutes. The 
experimenter notifi es the facilitator when the fi ve minutes have elapsed.
7. Play with Pleo: the facilitator switches on Pleo and places it in the middle of the 
table. S/he observes the reactions of participants, what they say and what they do. 
S/he could prompt a series of interactions with the robot:
13 Note that participants were asked the informed consent well before the start of the data collection. At each session, we 
just wanted to be sure that they recalled the reason why they were participating in the study and agreed to proceed.
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 ∙ Call Pleo: the facilitator asks participants to call Pleo by name. The participants 
try to convince Pleo to approach them by calling its name. Pleo perceives sounds 
and orientates towards them, thus it will move its head in the direction of the 
participant that calls it.
 ∙ Make Pleo sleep: the facilitator asks participants to make Pleo sleep as they 
would do with a baby, for instance by cradling it. Pleo perceives when it is picked 
up and starts sleeping in few seconds.
 ∙ Feed Pleo: the facilitator asks participants to feed Pleo because it is hungry. 
Participants are provided with the leaves to feed the robot. The facilitator 
suggests them to place the leaf in front of the snout of the robot so that it can 
smell it. Once Pleo perceives the leaf, it opens its mouth.
 ∙ Heal Pleo: when Pleo cries, the facilitator asks participants if they think he might 
be sick, then s/he provides them with the stone that can heal it. When Pleo 
perceives the stone, it moves its head away as it does not like it.
The activity with Pleo lasts twenty minutes. The experimenter notifies the facilitator once 
the twenty minutes elapse.
It is very important that the facilitator:
 ∙ Promotes a relaxed environment
 ∙ Checks that participants have equal access to the robot
 ∙ Places him/herself in the middle of the participants during the activity
8. Removal of the Wristband (5 minutes): Once 20 minutes have passed, the 
experimenter notifies the facilitator to end the activity. Once the activity is 
concluded, s/he switches off the wristbands and removes them from the wrists of 
participants. Last, s/he switches off the video cameras.
9. Observational rating scales: at this point, the facilitator helps the participants 
to go back to their units and, when back, fills out the observational rating scales 
(OME and OERS).
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Appendix D. OME and OERS
The Observational Measurement of Engagement – OME
Attention Attitude toward game
4 Very Attentive 7 Very Positive
3 Attentive 6 Positive
2 Somewhat Attentive 5 Somewhat Positive
1 Not Attentive 4 Neutral 
  3 Somewhat Negative
  2 Negative
  1 Very Negative
Cognitive Difficulty Attitude toward partner
5 Very Difficult 7 Very Positive
4 Difficult 6 Positive
3 Moderately Difficult 5 Somewhat Positive
2 Slightly Difficult 4 Neutral 
1 Not at all Difficult 3 Somewhat Negative
0 Could not Determine 2 Negative
  1 Very Negative
Attention. Amount of attention that the resident is paying to the object during the engagement (manipulating/
holding/content of talking about object is all attention) toward the stimulus. Following staff instructions 
without any change in affect is still attention. Attention can be physical (i.e., stroking Pleo even if looking 
away) or visual (i.e., staring at Pleo while it moves even if not interacting with it).
Attitude. Amount of excitement/expressiveness toward the stimulus (smiling, frowning, energy, excitement 
in voice). If the resident is involved (manipulating stimulus), but has no visible affect then still mark “somewhat 
positive”; if resident is not interested at all or looking at the object, but never actively participates (not holding 
or manipulating), then mark “neutral”.
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Observed Emotion Rating Scale – OERS
Please, rate the extent of each affective state during the activity. Some possible signs of 
each emotion are listed. If you see no sign of a particular feeling, rate “Never”
7 1 2 3 4 5
Not in 
view
Never Less 
than  
16 sec.
16-59 
sec.
1-5 min. More 
than  
5 min.
PLEASURE
Signs: Laughing, Signing, Smiling, 
Kissing, Stroking or Gently 
touching other, Reaching out 
warmly to other.
ANGER
Signs: Physical Aggression, 
Yelling, Cursing, Berating, 
Shaking fist, Drawing eyebrows 
together, Clenching teeth, 
Pursing lips, Narrowing eyes, 
Making distancing gestures.
ANXIETY/FEAR
Signs: Shrieking, Repetitive 
calling out, Restlessness, 
Wincing/Grimacing, Repeated 
or Agitated movements, Line 
between eyebrows, Lines across 
forehead, Hand wringing, Tremor, 
Leg jiggling, Rapid breathing, 
Eyes wide, Tight facial muscles.
SADNESS
Signs: Crying, Frowning, Eyes 
drooping, Moaning, Sighing, Head 
in hands, Eyes/ head turned down 
and face expressionless (only 
counts as sadness if paired with 
another sign).
GENERAL ALERTNESS
Signs: Participating in a task, 
Maintaining eye-contact, 
Eyes following object or 
person, Looking around room, 
Responding by moving or saying 
something, turning body or 
moving towards object or person.
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Appendix E. The Coding System (ELICSE)
Table E1. Operational descriptions of head behaviors
HEAD BEHAVIORS MODIFIERS  – gestural support
Gaze toward partner
The observed participant* directs 
the head and the eyes or just the eyes 
toward the partner*
CODE: GP
positive gestural support (code: GP_pos)
with facial expressions or gestures that display positive affect: 
smile, laugh, stick the tongue out, send/give kisses
no gestural support (code: GP_no)
without facial expressions or gestures that display positive 
affect
negative gestural support (code: GP_neg)
with facial expressions or gestures that display negative affect: 
anger, sadness, disgust, fear, frowning, boredom (yawn), pain
Gaze toward facilitator/experimenter
The observed participant directs 
the head and the eyes or just the 
eyes toward the facilitator or the 
experimenter
CODE: GFE
positive gestural support (code: GFE_pos)
with facial expressions or gestures that display positive affect: 
smile, laugh, stick the tongue out, send/give kisses
no gestural support (code: GFE_no)
without facial expressions or gestures that display positive 
affect
negative gestural support (code: GFE_neg)
with facial expressions or gestures that display negative affect: 
anger, sadness, disgust, fear, frowning, boredom (yawn), pain
Gaze toward game
The observed participant directs the 
head and the eyes or just the eyes 
toward the game*
CODE: GG
positive gestural support (code: GG_pos)
with facial expressions or gestures that display positive affect: 
smile, laugh, stick the tongue out, send/give kisses, nuzzle the 
robot, blow of the surface of the robot
no gestural support  (code: GG_no)
without facial expressions or gestures that display positive 
affect
negative gestural support (code: GG_neg)
with facial expressions or gestures that display negative affect: 
anger, sadness, disgust, fear, frowning, boredom (yawn), pain
None of the target head movements
The observed participants does not 
perform any of the target head behaviors 
(see above)
CODE: NoH
positive gestural support (code: NoH_pos)
with facial expressions or gestures that display positive affect: 
smile, laugh
no gestural support (code: NoH_no)
without facial expressions or gestures that display positive 
affect
negative gestural support (code: NoH_neg)
with facial expressions or gestures that display negative affect: 
anger, sadness, disgust, fear, frowning, boredom (yawn), pain, 
avoidance, closed eyes
*1 Observed participant: the observed participant is the one whose behavior we are scoring 
*2 Partner: the partner is the participant who is taking part in the activity with the observed participant, but whose behavior 
we are not currently scoring 
*3 Game: the game is the physical set of tools that the participants manipulate during the activity. For instance, in dominoes, 
the tiles of the domino, in puzzles, the pieces of the puzzle, in the robot interaction, the robot itself, but also its accessories 
(e.g., leaves, stones)
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Table E2. Operational descriptions torso behaviors
 TORSO BEHAVIORS MODIFIERS – postural support
Lean in partner
The observed participant leans in 
the partner by rotating the torso and 
advancing it in the direction of the 
partner or by spreading it sideways in 
the direction of the partner
CODE: LIP
positive postural support (code: LIP_pos)
with  movements of the torso that display positive affect: hug 
the partner
no postural support (code: LIP_no)
without movements of the torso that display positive affect
negative postural support (code: LIP_neg)
with movements of the torso that display negative affect: pull 
away the partner when s/he is approaching
Near reach/lean toward the game
The observed participant tilts the torso 
toward the game or holds the game 
close to its torso
CODE: NRLTG
positive postural support (code: NRLTG_pos)
with  movements of the torso that display positive affect: 
hug the robot, cradle the robot, make the robot sleep on the 
shoulder
no postural support (code: NRLTG_no)
without  movements of the torso that display positive affect
negative postural support (code: NRLTG_ neg)
with movements of the torso that display negative affect: reject 
the game by pulling it away
None of the target torso movements
The observed participants does 
not perform any of the target torso 
behaviors (see above)
CODE: NoT
(none)
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Table E3. Operational descriptions of arms/hands behaviors
ARMS/HANDS BEHAVIORS MODIFIERS – quality of gesture
Reach out partner
The observed participant touches or 
indicates the partner, passes the game 
to or receives the game from the partner, 
manipulates the game while this is held 
by the partner
CODE: RoP
positive quality of gesture (code: RoP_pos)
The observed participant strokes, pats or hugs the partner. The 
observed participant waves or strokes the robot, puts the finger 
in the mouth or takes the chin of the robot, strokes the robot 
with one of its accessories (i.e., leaves, stones) when the robot 
is held by the partner
no quality of gesture (RoP_no)
(See reach out partner)
negative quality of gesture (code: RoP_Pos)
The observed participant rejects or hits the partner. The 
observed participant rejects the game, hits or puts a finger in 
the eyes of the robot when the robot is held by the partner
Reach out facilitator/experimenter
The observed participant touches or 
indicates the facilitator/experimenter, 
passes the game to or receives the game 
from the facilitator, manipulates the 
game while this is held by the facilitator
CODE: RoFE
positive quality of gesture (code: RoFE_pos)
The observed participant strokes, pats or hugs the facilitator. 
The observed participant waves or strokes the robot, puts the 
finger in the mouth or takes the chin of the robot, strokes the 
robot with one of its accessories (i.e., leaves, stones) when the 
robot is held by the facilitator
no quality of gesture (RoFE_no)
(See reach out facilitator/experimenter)
negative quality of gesture  (code: RoFE_neg)
The observed participant rejects or hits the facilitator. The 
observed participant rejects the game, hits or puts a finger in 
the eyes of the robot when the robot is held by the facilitator
Manipulate game
The observed participant holds, 
touches, interacts (e.g., puts the pieces 
of the puzzle in place, feeds the robot), 
or indicates the game
CODE: MG
positive quality of gesture (code: MG_pos)
The observed participant waves, hugs, cradles or strokes the 
robot, puts the finger in the mouth or takes the chin of the 
robot, strokes the robot with one of its accessories (i.e., leaves, 
stones). The observed participant touches strongly the pieces 
of the shape or jigsaw puzzle with his/her fist or hand after 
combining them or flips the tile of the domino on its center
no quality of gesture (code: MG_no)
(See manipulate the game)
negative quality of gesture  (code: MG_neg)
The observed participant rejects, hits or throws away the game 
or makes the robot fall, turns it upside down, and puts a finger 
its eyes
Positive signs of affection involving 
arms/hands
The observed participant claps his/
her hands, dances, mimics a torero, 
rhythmically bangs his/her fists on the 
table
CODE: SOA_pos
(none)
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ARMS/HANDS BEHAVIORS MODIFIERS – quality of gesture
Negative signs of affection involving 
arms/hands
The observed participant hides its face 
in the hands, covers its face with the 
hands, or performs insulting gestures
CODE: SOA_neg
(none)
None of the target arms/hands 
movements
The observed participants does not 
perform any of the target arms/hands 
behaviors (see above)
CODE: NoAH
(none)
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Appendix F. Further Analyses
In this appendix, we detail the results of the analyses performed to unclose differences in 
engagement occurring between participants with and without motivational disorders (i.e., 
apathy and depression). As the discussion of the results is presented at the beginning of 
chapter 7, here we limit ourselves to enumerate the significant results.
Significant Results
We performed a number of mixed factorial ANOVAs in SPSS 22.0 (listwise exclusion of 
cases) to disclose whether there were significant differences between participants with 
and without motivational disorders along the different measures of engagement – the OME 
and OERS, the ELICSE, quantity of movement, and EDA. Across analyses, we employed 
activity type (game-based cognitive stimulation vs robot-based free play) as within-subject 
factor, and the presence of motivational disorders (presence vs absence) as between-
subject factor. In the lists, we report all the significant results, in the figures, just the results 
including a main effect of motivational disorders on engagement. Also, we do not report 
main effects of activity type on engagement, as game-based cognitive stimulation and 
robot-based free play are not considered comparable in engagement terms. For the OME 
and OERS (Nmotdis= 18; Nw/omotdis= 24), results revealed: 
1. An interaction effect of motivational disorders and activity type on the item 
attention of the OME (F(1,40)= 11.672, p= .001, η2= .226).
2. A main effect of motivational disorders on the item attention of the OME (F(1,40)= 
28.442, p< .001, η2= .416).
3. An interaction effect of motivational disorders and activity type on the item 
attitude toward game of the OME (F(1,40)= 4.603, p< .05, η2= .103).
4. A main effect of motivational disorders on the item attitude toward game of the 
OME (F(1,40)= 26.963, p< .001, η2= .403).
5. A main effect of motivational disorders on the item attitude toward partner of the 
OME (F(1,40)= 13.261, p= .001, η2= .249).
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Figure F1. Effects of motivational disorders on items of OME and OERS (significance< .05). GBCS: game-
based cognitive stimulation; RBFP: robot-based free play
6. A main effect of motivational disorders on the item pleasure of the OERS (F(1,40)= 
14.548, p< .001, η2= .267).
Across items, engagement was always lower in participants with motivational disorders 
with respect to participants without such disorders (see Figure F1). Also, participants with 
apathy and depression preferred game-based cognitive stimulation to robot-based free 
play and did not differ significantly on pleasure across activities.
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For the ELICSE (Nmotdis= 18; Nw/omotdis= 24), results revealed:
1. An interaction effect of motivational disorders and activity type on near reach/lean 
toward game (F(1,40)= 5.973, p< .05, η2= .130).
2. An interaction effect of motivational disorders and activity type on none of the 
target torso behaviors (F(1,40)= 5.765, p< .05, η2= .126).
3. An interaction effect of motivational disorders and activity type on manipulate 
game (F(1,40)= 7.502, p< .01, η2= .158).
4. A main effect of motivational disorders on manipulate game (F(1,40)= 14.970, p< 
.001, η2= .272).
5. An interaction effect of motivational disorders and activity type on none of the 
target arms/hands behaviors (F(1,40)= 7.678, p< .01, η2= .161).
6. A main effect of motivational disorders on none of the target arms/hands behaviors 
(F(1,40)= 15.693, p< .001, η2= .282).
7. An interaction effect of motivational disorders and activity type on positive gestural 
support (F(1,40)= 5.236, p< .05, η2= .116).
8. A main effect of motivational disorders on positive gestural support (F(1,40)= 5.116, 
p< .05, η2= .113).
9. A main effect of motivational disorders on negative gestural support (F(1,40)= 
16.503, p< .001, η2= .292).
10. An interaction effect of motivational disorders and activity type on positive quality 
of gesture (F(1,40)= 4.279, p< .05, η2= .097).
11. A main effect of motivational disorders on positive quality of gesture (F(1,40)= 
4.488, p< .05, η2= .101).
12. An interaction effect of motivational disorders and activity type on negative 
quality of gesture (F(1,40)= 4.741, p< .05, η2= .106).
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Figure F2. Effects of motivational disorders on behaviors of the ELICSE (significance< .05). GBCS: game-
based cognitive stimulation; RBFP: robot-based free play
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Behaviors of engagement (gaze toward game, gaze toward partner, near reach/lean toward 
game, lean in partner, manipulate game, and reach out partner) and positive valence 
(positive gestural support, positive postural support, and positive quality of gesture) were 
lower in participants with apathy and depression with respect to those not aff ected with 
these disorders, while behaviors of disengagement (gaze toward facilitator/experimenter, 
none of the target head movements, none of the target torso movements, reach out 
facilitator/experimenter, none of the target arms/hands movements) and negative valence 
(negative gestural support, negative postural support, negative quality of gesture) were 
higher in the former group with respect to the latter (see Figure F2). When an interaction 
eff ect was involved, in most cases it was robot-based free play to elicit worse results in 
participants with depression and apathy (the only exceptions to this paradigm are positive 
gestural support and positive quality of gesture). The results regarding postural support, 
both positive and negative, were excluded from the analyses as postural support occurred 
just once during game-based cognitive stimulation.
For quantity of movement (Nmotdis= 17; Nw/omotdis= 17), results revealed:
1. A main eff ect of motivational disorders on the feature SMA AccM (F(1,32)= 12.373, 
p= .001, η2= .279).
2. A main eff ect of motivational disorders on the feature SMA AccS (F(1,32)=14.359, p= 
.001, η2= .310).
Figure F2 (continuation). Effects of motivational disorders on behaviors of the ELICSE (signifi cance< .05). 
GBCS: game-based cognitive stimulation; RBFP: robot-based free play
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Quantity of movement on the wrist was lower in participants with motivational disorders 
compared to participants without motivational disorders (see Figure F3).
For EDA (Nmotdis= 12; Nw/omotdis= 20), results revealed:
1. A main effect of motivational disorders on the feature KURT EDA (F(1,30)= 6.792, 
p< .05, η2= .185).
2. A main effect of motivational disorders on the feature SKEW EDA (F(1,30)= 6.972, 
p< .05, η2= .189).
In an opposite trend, KURT EDA and SKEW EDA (see Figure F4) – which in game-based 
cognitive stimulation were positively correlated with alertness, and in robot-based free 
play were negatively correlated with attention and attitude towards the game – were 
higher in participants with motivational disorders during the former activity, and almost 
even between groups in the latter.
The same analyses were repeated using dementia severity (mild vs moderate) as between-
subject factor and brought about only two significant results: (1) an interaction effect of 
activity type and dementia severity on the item attitude toward partner of the OME (F(1,30)= 
10.332, p< .005, η2= .205), with participants with moderate dementia displaying a better 
Figure F3. Effects of motivational disorders on quantity of movement (significance< .05). GBCS: game-
based cognitive stimulation; RBFP: robot-based free play
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attitude toward the partner than participants with mild dementia during robot-based free 
play and (2) a main effect of dementia severity on SUM H EDA (F(1,30)= 9.919, p< .005, η2= 
.248) with participants with moderate dementia having lower SUM H EDA with respect to 
participants with mild dementia across activities.
Figure F4. Effects of motivational disorders on EDA (significance< .05). GBCS: game-based cognitive 
stimulation; RBFP: robot-based free play
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Appendix G. SEM Glossary
TERM DEFINITION
Latent Variable A construct that is not directly observable (e.g., intelligence, trust), but can 
be measured through observed variables. In path diagram notation, it is 
represented by an oval or circle. 
Observed Variable Also called indicator, it is a construct that can be directly measured. In path 
diagram notation, it is represented by a rectangle or square.
Endogenous Variable A latent or observed variable that is caused by another latent or observed 
variable in the model (i.e., dependent variable). In path diagram notation, it 
has a directional path pointing at it.
Exogenous Variable A latent or observed variable that is not caused by another latent or 
observed variable in the model (an independent variable). In path diagram 
notation, it does not have any path pointing at it.
Mediating Variable A latent or observed variable through which a certain variable has an effect 
on another.
Directional Path A regression path. In path diagram notation, it is represented by a single-
headed linear arrow. 
Covariance Path A correlational path. In path diagram notation, it is represented by a double-
headed curvilinear arrow.
Error Variance The residual of a dependent variable. In path diagram notation, it is 
represented by a circular shape connected to the dependent variable with a 
directional path.
Model Specification Development of the model based on relevant theory or past research with 
the specification of latent and observed variables and of the relationships 
between them.
Model Identification The balance between known and unknown parameters (i.e., variables, 
paths) in the model. A model can be unidentified (knowns<unknowns), just 
identified (knowns=unknowns), and over-identified (knowns>unknowns).
Model Estimation The estimation of unknown parameters in the model. It has to do with how 
the variance/covariance matrix given by the data relates to the variance/
covariance matrix hypothesized by the model. 
Model Testing The assessment of whether the hypothesized set of pathways in the model 
are correct. It is achieved with the estimation of goodness of fit.
Goodness of Fit Index Absolute fit indexes look at the ability of the model to reproduce the 
observed variance/covariance matrix. Relative comparative fit indexes 
involve comparing the hypothesized model with a baseline model.
Good fit: X2 with a p> .05; RMSEA< .10; NFI> .90; CFI> .90; RFI> .90
Model Modification Modification of the model in case of scarce goodness of fit or 
misspecification.
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